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SUMMARY 
Two species of Meliaceae, neem (Aaadirachta indica A.Juss) 
and Me Ua aaedarach L. have been reported by various workers to 
inhibit feeding in the desert locust (Schistocerca gregaria). In 
this work a systematic investigation of extracts of neem seeds has 
been carried out in order to isolate a locust feeding inhibitor. 
Antifeeding activity was measured by presenting fifth instar hoppers 
of the desert locust with filter papers which had been impregnated 
with a solution of the extract to be tested and allowed to dry and 
then sprayed with 0.25 M. sucrose solution and allowed to dry again. 
In this way a locust feeding inhibitor, azadirachtin, has been isolated. 
This compound completely inhibits feeding with test solutions down to a 
concentration of 40 ~g./l. 
Azadirachtin, molecular formula C35H440l6' is a colourless 
non-crystalline compound which is probably related to the limonoids and 
triterpenoids already isolated from Meliaceae, but is more highly 
o~genated. It has so far been shown to contain two hydro~l groups, 
two aceto~ groups, one tiglate ester group, two methyl ester groups and 
a dihydrofuran ring. 
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INTRODUCTION 
Aaadirachta indica A. Juss of the family Me~iaceae is 
commonly known as the neem or nim tree and is found in India and 
parts of Africa. The neem tree, a ~arge evergreen tree which often 
attains 40 to 50 ft. in height, has been widely cultivated because 
of its reputed medicin~ properties.~ The bark, ~eaves and truits 
have been used from ancient times in Hindu medicine; the bark and 
~eaves are regarded as use~ in the treatment of fever. thirst. 
nausea and skin diseases; the fruits are reputed to act as a purgative, 
emo~~ient and uthelmintic. Neem oi~ is used by the villagers in India 
as a hair tonic and is reputed to cure rheumatism, scrofulous g~ands. 
~eprosy and a variety ot skin intections. Caius and MhoBkar2 in ~923 
investigated the reputed anthelmintic properties of the juice of neem 
~eaves and neem oi~. they conc~uded that both treatments were quite 
inetfective. 
Another species of the Me~iaceae. Mti1.ia aatuJt:ataah L. which 
is cultivated as an ornamentu shade tree in India is reputed to possess 
simi~ar therapeutic properties to those of neem. 3 There is apparently 
a certain amount ot contusion between these two species ot Me~iaceae 
in the ~iterature. because Asadiztaohta indica is also known as MeLia 
aaadiztaohta or MIl1.ia indiaa. 
Various parts ot neem and IIIl1,ia aatldaztaah L. have ~ong been 
known to inhibit teeding in the desert ~ocust (SohistocflZ"Oa gNgaM4). 
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4 In 1937 Volkonsky reported that extracts of the leaves of MeLia 
azeaaraoh L. when sprinkled onto the leaves of other plants gave 
protection against the locust, since forcibly introducing leaves into 
the insects produced no effect he concluded that it is the taste which 
is repulsive to the locust. Chauvin in 19465 claimed to have isolated 
from the leaves of Melia azecJmoaoh L. a substance which he called 
meliatin, by extraction with chloroform, precipitation with light 
petroleum and chromatography. Because meliatin was eluted as a yellow 
band in the chromatography Chauvin said it was "carotenoid like". 
Chauvin tested for the repellency or anti-reeding activity by spraying 
aqueous suspensions of the extracts onto leaves which would normally 
be eaten by the locust. 
6 In 1950 Krishnamurti and Rao reported that neem leaves 
showed insect repellency in stored grain. Sinha and Gulati7 extracted 
the seed cake lett atter oil expression or neem seeds with alcohol either 
by Soxblet extraction or by percolation at roam temperature. The former 
extract showed repellent action against the migratory locust (Loousta 
migratorial and the latter relatively greater repellency to the migratory 
locust and the desert locust. 
Mrs. Shpan-Gabrieli th 8 , 9 working at the Anti-Locust Research 
Centre London in 1964-1965 tested several plants for locust repellent 
activity amongst them MeLia CU$edaraoh L. which was found to be repellent. 
The method adopted to test extracts of plants was to impregnate filter 
papers with a solution of the extract allow them to dry and then spray 
them with O.25M sucrose solutions and allow them to dry again, these 
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papers were presented to groups of fifth instar hoppers of the 
desert locust which had been starved for 24 hours previously. In 
the case of paper chromatograms, these were spr~ed with 0.25M 
sucrose solution, allowed to dry and then the chromatograms were 
cut into strips and presented to the groups of insects. When the 
ethanol extract of MeZia aaedarach L. was chromatographed on a column 
of silica the repellent activity was found to be eluted by ether and 
methanol. On ascending paper chromatography eluting with toluene, 
the activity was found to remain at the origin whereas on eluting with 
ethanol-water (170:50) the activity was found at the top of the 
chromatogram. 
An examination of the extracts of the seeds of Melia aaeda.raoh L. 
was carried out by extracting the seeds in turn with water, methanol and 
light petroleum; the water extract was tound to be most repellent and 
the light petroleum extract least repellent. 
It was clear trom the results ot Shpan-Gabrielith that a more 
detailed chemical investigation was necessary in order to isolate the 
component or components responsible tor the anti-feeding activity. 
Because of the reputed therapeutic properties ot neem and MtaZia 
aaedarach L. the investigation of their chemical constituents has 
attracted the attention of several groups of workers over the last 50 
years. Early workers examined the tatty acids from neem oil. ChatterjeelO 
claimed to have isolated a new acid, margosic acid, but this was later 
shown by Roy and Duttll to be a mixture ot well known tatty acids with 
. 12 13 14 
some bitter impurities. Several groups ot Indian workers ' , between 
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1920 and 1940 claimed to have isolated bitter principles from neem, 
but there is no evidence that these were single compounds. 
The introduction of the modern techniques of structure 
elucidation, especially nuclear magnetic resonance spectroscopy, has 
led to considerable progress being made during the last five years in 
the complete identification of some of the constituents. 
Several tetranortriterpenoids have been isolated from neem; 
theae are limonoids, a class of C26 degraded triterpenes which are 
believed to arise biogenetically from tetracyclic triterpenes and which 
all have a B-substituted fUran ring. 
Nimbin (1) C30H3609 was first isolated from neem oil by 
Siddiqui15 in 1942, its complete structure and stereochemistry was 
reported by NarBfanan et aZ. 16 in 1964 and this was later confirmed by 
Overton et at. 17 
• 
• • ~ 
o 
I 
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Deacetyl nimbin has been isolated along with nimbin from the seeds 
. 18 
and bark of neem by Narayanan and 17er. 
Salannin (2) C34H4409' was first isolated from neem oil in 
1964 by Overton19 et aZ. who in 1968 reported20 its complete structure. 
, I 
~C-6 
o 
• . 
(2) Tg • Tigloyl 
The isolation and structure determination of nimbolide (3) 
C27H3007 from neem leaves was reported by EkOng21 in 1967. 
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: 
Lavie and Jain22 in 1967 reported the isolation from neem oil of three 
new tetranortri terpenoids epoxyazadiradione (4). azadiradione (5) and 
azadirone (6) along with gedunin (7) and 7-deacetyl gedunin (8) which 
had previously been isolated fram other species of the Meliaceae. 
(4) 
o 
• 
• 
o 
I 
I 
. 
(6) 
.0 
I 
. 
(7) R· Ac 
(8) R. H 
The isolation of meldenin23 (9) C28H3805 from neem oil was 
reported in 1968 by McCrindle et at. who also reported the isolation of 
nimbinin which was first described by Siddiqui:5 The structure of nimbinin 
had been partially elucidated by Narayanan fit at. 24 in 1967. McCrindle and 
his colleagues concluded that nimbinin may be identical with epoxyazadiradione 
(4) although there is a discrepancy in the recorded specific rotations. 
o 
I 
'. 
Another limonoid vepinin (10) has recently been isolated 
from neem oil by Narayanan et al. 25 
(10) 
o 
I 
I 
I 
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Several tetracyclic triterpenes with the stereochemistry 
of tirucallane at C-l3, c-14 and C-l1 have been isolated from neem 
and meUa aBedarach L. Melianone (11) and melianol (12) were isolated 
from the seeds of Metia aBedarach L. by Lavie et at. 26,21 i~ 1966. 
While the work described in this thesis was in progress the same group28 
isolated from the same source and also from neem oil,meliantriol (13), 
a triterpene which is claimed to possess locust anti-feeding activity. 
HO·· HO·· 
R H 
(11) R· 0 (13) 
(12) R· OH,B. H, a 
Terpenoids of the melianone. melianol and meliantriol type are 
believed to be the biogenetic precursors of the limonoids. Degradation 
of the side chain with the loss of four carbon atoms could give rise to 
the B-substituted turan ring of the liminoids. a mechanism for this 
reaction has been suggested by Bevan and Balaall.29 
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The formation of a turan ring coupled with a shift of the c-14 methyl 
to c-8 would give rise to the apo-euphol type structure that is found 
in meldenin (9) and azadirone (6). Further oxidation would give 
azadiradione. (5) and epoxyazadiradione (4) which on Baeyer-Villiger 
type oxidation of the ketone would give the lactone structure of 
gedunin (7). Alternatively closure of the C-7 oxygen to C-15 would 
give rise to limonoids with a vepinin (10) type structure, further 
modification including cleavage of ring C would give rise to limonoids 
such as nimbin (1), salannin (2) and nimbolide (3). In this wSf the 
triterpenoids and limonoids isolated from neem and Me~ia aseaarach L. 
fit into a scheme of increasing oxygenation. Kulinone (14), kulactone (15) 
and kulolactone (16) isolated from the leaves of MBtia aaeaarach L. by 
. 30 31 Chang and Ch1ang , may represent an earlier stage in the sequence of 
oxidation. These authors suggest, since these compounds are oxygenated 
at c-16, that oxygenation at c-16 may occur prior to degradation of the 
side chain to give the tetranortriterpenoids which are oxygenated at 0-16. 
>?'~ 
I I 
I 
I 
·OH 
(14) (15) R. 0 
(16) R. OB. 8. H. a 
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Ekong et at. 32 have recently isolated from the wood oil of the neem 
tree three previously known tetracyclic triterpenoids. 6-sitosterol (17). 
cycloeucalenol (18) and 24-methylene-cycloartenol (19). which belong to 
the lanostane group in respect of their stereochemistry at C-13. c-14 
and C-17. 
HO 
HO 
(18) R. H 
(19) R· Me 
ikong suggested that these triterpenoids represent members ot another 
oxidation series parallel to the one described above. 
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DISCUSSION 
Isolation of Azadirachtin 
The object of this work was to carry out an investigation 
of the property of neem to inhibit feeding in the desert locust 
(Schistocerca gregaria~with the ultimate aim of isolating the 
component or components responsible for this antifeeding activity. 
Neem seeds were available from India through the kind co-operation 
of the Tropical Products Institute and hence provided a convenient 
source of plant material for this work. 
The method used to test fractions for antifeeding activity 
was that used by ShPan-Gabrielith8,9 in the work on Me~ia aaeaaraoh L. 
(see Introduction). Filter papers impregnated with the fractions to be 
tested and with sucrose were presented to groups of mid-tirth instar 
hoppers of the desert locust which had been starved tor 24 hours. 
Because of the more limited supply of insect~groups ot four were used 
rather than groups of ten which had been used by Shpan-Gabrielith. 
Each time a feeding test was carried out one group of insects was given 
filter papers impregnated with sucrose only to act as a control. In 
several ot the tractions tested it was tound that appreciably more ot 
the test paper was eaten than sucrose control paper, this ~ be 
attributable to the presence of positive feeding stimuli in same ot the 
tractions. 
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The term repellent has been widely used to describe the 
property of neem and MeU,a aBedaltaoh L. to inhibit feeding in the 
locust. Observation of the feeding tests carried out in this work 
do not confirm this as a strictly accurate description. The insects 
were not repelled aw~ fram any of the papers impregnated with 
extracts of neem, the activity that was observed would seem to be only 
a gustatory one, because the insects examined all the papers in the 
same way with their mouth parts. The terms feeding inhibition, 
feeding suppression and antifeeding activity provide a more accurate 
description ot the phenomenon. Fractions were considered to possess 
antifeeding activity if the test papers which were impregnated with 
them were not eaten. 
The total amount of sucrose control paper eaten during a 
period of eight hours by four mid-fifth instar hoppers varied between 
100 and 300 me;. The amounts of paper eaten during the winter months, 
when the grass on which the locusts were ted prior to testing was 
senescent,tended to be lower than in the summer months when the locusts 
were being ted on tresh grass. 
The neem seed consists ot a brittle shell surrounding a 
soft kernel. In the initial experiment kernels ot a sample ot Bigerian 
neem seeds were separated trail the shells and extracted in turn with 
water, 95% ethanol and tinally light petroleum, at the concentrations 
at which the solutions were tested tor antiteeding activity, which 
were equivalent to 350g. and 35g. of kernels in a litre, all vere found 
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to possess activity. The shells were extracted in a Soxhlet apparatus 
with 95% ethanol,the resulting solution was also found to have anti-
feeding activity. 
Now, having ascertained that extracts of the seeds possessed 
anti feeding activity, an experiment was carried out to determine 
whether this was due to volatile or involatile components. Kernels of 
neem seeds, this time from India, were ground with water, the solution 
obtained was distilled to give a residue and distillate. The residue 
of the seeds was then extracted in a Soxhlet apparatus by 95% ethanol 
followed by light petroleum, the resulting solutions were evaporated to 
give the residues and distillates. All the residues and distillates 
were tested for antiteeding activity at concentrations equivalent to 5g., 
3.3g. and Ig. of kernels in a litre. All the distillates were tound to 
be inactive at these concentrations, the light petroleum extract only 
showed activity at the two higher concentrations, however the aqueous 
and ethanol residues showed activity at all three concentrations. This 
experiment showed that the antifeeding component is an involatile substance 
and also confirmed that neem seeds trom India as well as tram Nigeria 
possessed antifeeding activity. 
Kernels of neem seeds were extracted by grinding and then 
percolating with 95% ethanol tollowed by grinding with water. The 
combined weight of the ethanol and aqueous residues was similar to that 
ot the ethanol and aqueous residues which had been obtained in the previous 
extraction when the extractions had been carried out in the reverse order. 
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In each case the extraction carried out first gave the larger 
residue, therefore there must have been a certain amount of material 
which was soluble in both water and ethanol. Since the total weights 
obtained in each extraction were very similar there seemed to be no 
advantage in using the more time consuming method of percolation to 
extract the seeds. 
Active material was soluble in both water and ethanol, 
however the aqueous extraction was more difficult to carry out because 
the solution did not filter easily, the filter paper tended to become 
blocked and ditficulty was encountered with foaming during the 
evaporation. For this reason further work on the isolation ot an anti-
teeding component was carried out on ethanol extracts. The aqueous 
extract was not :rurther examined but in view of the nature of the 
antiteeding component later isolated trom the ethanol extract it is 
probable that the activity ot the aqueous extract was due to this same 
component. 
The ethanol extract was an oily residue containing solid 
material, in attempt to separate this extract into tractions of different 
polarity, solvent partition was tried. Partition of the ethanol extract 
between chloroform and water and between n-butanol and water was 
unsuccessful resulting only in the formation of emulsions. Hovever 
partition between light petroleum and methanol with 5% added water was 
successful. The tractions isolated trem the two phases were tested tor 
antiteeding activity at concentrations equivalent to 18. seeds/l 
o.66g. seeds/l and O.5g. seeds/l. The traction frail the methanol phase 
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was active at all three concentrations, that from the light petroleum 
phase showed activity only at the highest concentration. Apparently 
an effective separation had been achieved, a possible improvement 
which was adopted in later isolations was to wash the light petroleum 
layer with a further quantity of aqueous methanol (5:95). 
In an attempt to achieve further separation, the residue 
from the methanol phase of the partition was subjected to chromatography. 
and since the indication from the earlier extractions was that the 
active material was fairly polar,this was carried out on a column of 
activity III alumina. The residue was put onto the top of the column as 
a powder and the column was eluted successively with solvent mixtures 
of increasing polarity, beginning with light petroleum in which the 
residue appeared to be insoluble. Fractions were collected as shown in 
the table (see Experimental), groups of fractions were tested for anti-
feeding activity. The first active group was that eluted by solvent 
mixtures ranging from benzene-ether (9:1) to ether. the last active 
group of fractions was eluted by methanol. The grouping of fractions 
together for testing was necessary to keep the number of tests down to 
manageable proportions. That solvent mixtures ot such high polarity 
are required to elute the active material from an activity III alumina 
column is further indication that this material is of fairly high 
polari ty. The active material may have been spread over 80 many 
fractions because the crude material was put onto the column as a solid 
and perhaps did not dissolve smoothly as the polarity ot the solvent was 
increased. 
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All further work on the isolation of an anti feeding component 
was carried out on the residue fram the methanol phase of a partition 
of the ethanol extract of neem between aqueous methanol and light 
petroleum. The ethanol extract, obtained by grinding the seeds in a 
Waring Blendor, was partitioned between aqueous methanol (5:95) and 
light petroleum, the light petroleum was washed with a further quantity 
of aqueous methanol, (5:95) and the combined methanol extracts were 
evaporated leaving a brown sticky residue, which on pumping at 0.1 mm. lig. 
could be obtained as a brittle solid. 
The chromatography of the methanol partition residue on 
alumina (activity III) was repeated. To avoid putting the material on 
the column as a solid it was decided to first absorb the material onto 
alumina. A methanol solution of the residue was mixed with alumina and 
then evaporated, a lumpy residue was obtained, silica gel and more 
methanol were added and the mixture was again evaporated, this time the 
residue was a free flowing powder. This powder was packed onto the top 
of the alumina (acti vi ty III) column which was eluted with benzene and 
benzene-methanol mixtures. All the activity was found in the benzene-
methanol (9: 1) fraction, this contained about 30% of the material put 
onto the column. The active fraction vas further chromatographed on 
another alumina ( activity III) column, this time eluting more carefully 
wi th benzene, benzene-ether, ether and ether-methanol mixtures. Tests 
for anti feeding activity were carried out on the fractions at increasing 
dilution, activity was first found to be eluted by benzene-ether (3:2) 
but was found to be mainly in the ether-methanol (9:1) traction. 
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The alumina chromatography of the methanol partition residue 
was repeated on a larger scale, a portion of the fraction eluted 
exhaustively by ether-methanol (9:1) was further chromatographed on 
another alumina column (activity III), the activity was found to be 
mainly in the ether-methanol (9:1) and ether-methanol (4:1) fractions, 
confirming the results obtained with the small scale chromatography. 
Crystallization of the benzene fraction from 95% ethanol gave 
a colourless microcrystalline solid which showed in its infrared 
spectrum an intense sharp absorption at 875 cm-l characteristic of the 
B-substituted furan ring of the tetranortriterpenoids, and analysed for 
C30H3609' the molecular formula of nimbin.16,17 This material was shown 
by infrared spectroscopy and thin l~er chromatography to be identical 
with a sample of nimbin obtained from Dr. N.S. Narasimhan. Since the 
benzene fraction from which nimbin was isolated showed no activity, then 
nimbin must be inactive. 
The active ether-methanol (9:1) fraction was further 
chramatographed on a column of Florisil, eluting with benzene, benzene-
ether mixtures. ether and ethyl acetate mixtures. Feeding tests shoved 
that all the ether-ethyl acetate tractions possessed activity, these 
fractions were combined together and subjected to preparative l~er 
chromatography; three components were isolated in poor yield. Each of 
these components YU. tested for antifeedins acti vi ty at increasins 
dilution. The least polar component was found to be the most active 
shoving activity at 0.2 mg/l., the component troll the middle band shoved 
activity at 2 mg/l. and the lover band did not show any activity at the 
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concentration at which it was tested. 
Alumina chromatography of the active benzene-methanol (9:1) 
fraction was repeated on a larger scale, in order to isolate the 
active components in greater amounts. The fractions eluted by ether, 
ether-methanol (9:1) and ether methanol (4:1) showed on thin lB¥er 
chromatography components with ~ values in the region of the upper 
band of active material which had been isolated previously, the 
ether-methanol (9:1) fraction appeared to contain this component in 
the greatest proportion. The three fractions were tested for anti-
feeding activity and were all found to be active, thus confirming that 
~ values on thin l~er chromatography could be correlated with the 
antifeeding activity. 
Two components were separated by preparati ve l~er chromatograpb,J 
of the ether-methanol (9:1) fraction, these corresponded in RF to the 
upper and middle bands of active material which had been isolated 
previously. However although the upper component behaved as a single 
substance, the more polar material appeared to contain some of the upper 
component as impurity when the fractions were subjected to thin layer 
chromatography. 
The two components were tested tor antiteeding activity, the 
upper component at 0.4 mg/l. and 0.2 mg/l. and the more polar component 
at 2.4 mg/l. and 1.2 mg/l. at these concentrations both the tractions 
showed activity. It is probable that the activity of the more polar 
component was due to the presence of the upper component as impurity. 
All future attention was concentrated on the highly active upper 
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component, which was given the name azadirachtin. 
The scheme of separation used to isolate azadirachtin is 
summarised below 
380g i) Ethanol Ext n 
seeds ii) Methanol- > 
Alumina 
light petroleum 
partn 
chromatography 
----->~ 0.300g 
Ether-
methanol 
(9:1) 
Alumina 
chromatography 
14.7g > 5g 
P.L.C. 
> 
Benzene-
methanol 
(9:1) 
35mg 
Azadirachtin 
At this stage it was necessary to try to improve the scheme 
of isolation so that azadirachtin could be obtained in sufficient 
quantities for chemical studies. It was considered desirable to carry 
out some more simple preliminary separations in order that the scale of 
the chromatography could be reduced. Examination of the methanol 
partition residue on thin l~er chromatography showed that it contained 
a great amount of material very much more polar than azadirachtin and 
also a considerable amount of less polar material. 
In order to try to separate out same of the more polar 
material a partition was carried out between methylene chloride and 
water, the water l$Jer, which became emulsified, gave a residue which 
on thin l$Jer chromatography showed only polar material, with no 
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components with ~ in the region of that of azadirachtin. 
The methylene chloride was evaporated to smaller volume and 
then poured into light petroleum,a precipitate was formed which was 
filtered off. Thin layer chromatography of the residue from the light 
petroleum showed that separation of the less polar material had been 
achieved because this showed only components with ~ greater than that 
of azadirachtin. Therefore by the partition and precipitation some of 
the components more polar and less polar than azadirachtin had been 
separated out, this represented about 50% of the methanol partition 
residue. 
A portion of the precipitated solid was subjected to column 
chromatography on alumina but this time, for some inexplicable reason, 
no efficient separation was achieved, all the fractions which were 
eluted by solvent mixtures ranging in polarity from benzene to ether-
acetone were found by thin l~er chromatography to contain components 
with RF in the region of that of azadirachtin. These fractions were 
combined, their total weight was about 40% of the weight ot the 
material put onto the column, theretore a considerable amount ot more 
polar material had been separated out. 
The combined tractions were subjected to chromatography on a 
column of BDH silica gel, this proved to be very much less active than 
alumina (activity III), because all the material with 17 on thin layer 
chromatography in the region ot that ot azadirachtin, was eluted by 
benzene whereas with the alumina column it was eluted by ether-methanol. 
The benzene traction, which represented about 60% ot the material put onto 
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the column, was subjected to chromatography on a column ot Florisil, 
this showed higher activity than the BDH silica gel, azadirachtin 
being eluted over a large number ot tractions by benzene-ether mixtures, 
the tractions which contained azadirachtin in the greatest proportion 
were combined and subjected to preparative layer chromatography. 
Azadirachtin was isolated along with a smaller amount ot a component 
which had an ~ slightly greater than that of azadirachtin. The two 
components were tested tor antiteeding activity, the azadirachtin was 
found to be active down to a concentration of at least 0.07 mg/l., the 
other component showed no activity at 3.5 mg/l. and 0.35 mg/l. 
This procedure was still rather long and involved, larger scale 
isolations involved the use of large amounts ot Florisil, which is 
expensive, and large volumes ot solvent, so further ettorts were made 
to try to improve the isolation. The methanol partition residue was 
chromatographed directly on a column ot Floridin earth made up in toluene, 
eluting straight aw~ with ether acetone (95:5). The components less 
polar than azadirachtin were eluted quickly from the column tollowed by 
azadirachtin which was eluted trom the column contaminated with the two 
components or Rr slightly greater and slightly less which had been 
observed previously. All the tractions which were round to contain an 
appreciable amount of azadirachtin by n.m.r. spectroscopy and thin l~er 
chromatography were combined and subjected to preparative ~er 
chromatography. 
- 23 -
This separation is summarised below. 
Light petroleum 
Neem Seeds 2k.g. 
170g 
Ethanol 
extraction 
partition 
Methanol 
76g 
l cnram&tography Floridin earth 
2.0g t P.L.C. 
1.5g Azadirachtin 
Azadirachtin was isolated as a colourless glassy material, 
insoluble in ether and light petroleum, slightly soluble in carbon 
tetrachloride, soluble in benzene and toluene and very soluble in 
ethanol, methanol, acetone and chloroform. Attempts to crystallize 
azadirachtin were not very successf'ul, the only solvent fran which it 
would crystallize at all was carbon tetrachloride and then only as a 
tine powder. 
Feeding tests were carried out to find the limiting activity 
ot azadirachtin. Three separate tests were carried out on different 
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batches of insects. In all cases papers impregnated vi th a solution 
of azadirachtin at a concentration of 0.08 mg./l. vere not eaten, 
in tvo of the tests a solution concentration of 0.04 mg./l. vas used 
and it vas found that in one case the test papers vere eaten and in 
the other case they vere not. From this it vould appear that a test 
solution concentration of 0.04 mg./l. is near the limit of activity 
of azadirachtin. 
While this york vas in progress Lavie et at. 28 reported the 
isolation ot a locust teeding inhibitor, meliantriol, trom Meti4 
aBedarach L. and neem oil vhich they .hoved to have a triterpene 
structure (13). These workers allO used the tilter paper method to 
test tractions tor antiteeding activity but quoted their results as a 
veight ot extract per cm2 ot tilter paper which produced 100% anti-
teeding activity, so that in order to compare the activities ot 
azadirachtin and meliantriol it is neces.ary to convert a concentration 
ot test solution into a weight ot extract per cm2 ot tilter paper. 
Assuming that one 5.5 em tilter paper absorbs about 0.5 JIll. of teat 
solution, a concentration ot 0.04 mg./l. i. equivalent to approximately 
1 ng./cm2, ccapared to the quoted limiting activity ot meliantriol ot 
8 lJ,g/cm2• Hovever a crude ethanol extract of nee. .eeds using the 
same conversion vould be active at 1 lJ,g/ca2, that i. a higher activity 
than that quoted tor meliantriol. 
The .y.t .... tic separation and te.ting ot tractions by Lavie .t at. 
vas apparently carriecl out on N.Ua atIdJ:aeaDh L. ad not on n_ oil, no 
indication is given on the relative activities ot crude extracts ot the 
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two species. There is the possibility that although meliantriol 
was shown to be present in both species, azadirachtin ~ only be 
present in neem, and hence although both extracts show some activity, 
the neem extract is tar more active. Azadirachtin, it will be seen 
later, does not bear any close resemblance to meliantriol. 
Structural Studies on Azadirachtin 
The infrared spectrum ot azadirachtin showed a broad 
460 -1. . absorption at 3 em Wh1Ch was ass1gned to the presence ot at 
least one hydroxyl group, an intense absorption tram 1700 to 1740 =-1 
which indicated the presence ot a number ot carbonyl groups, absorptions 
at 1625 cm-l and 1655 cm-1 suggested the presence ot c-c bonds. 
The ultraviolet spectrum ot azadirachtin shoved only one 
absorption at A 217 nm, hence azadirachtin contains no aromatic 
max. 
rings. This ILbaorption was shown not to be due to Cl8-unsaturated ketone 
or aldehyde groups because on addition ot sodium boroqdride to an 
ethanol solution there was no decrease in the intensity ot this 
absorption, which would occur on reduction ot these groups. 
The n.m.r. spectrum ot azadir.achtin at 60 MHz and 100 MHz ia 
shown in tigs. 1 and 2. Taking the integral ot the BJD&llest absorptions 
e.g. at t3.55, t4.35 and t4.5 as representing one proton then the total 
integral was somewhere between 40 and 50 protons. On shaking with D20 
a one proton absorption disappeared, the position ot this absorption 
was between 't6.8 and t7.0 depending upon concentration. In the n ••• r. 
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spectra of some samples of azadirachtin there was a sharp absorption 
which varied in position between T4.9 and T5.0, this also exchanged 
with D20. The two three-proton singlets at T6.25 and T6.35 can be 
assigned to the methyl protons of two carbomethoxy groups, the intense 
absorption in the carbonyl region of the infrared spectrum, mass 
spectral data and hydrolysis experiments confirm this assignment. 
The two three-proton singlets at TB.O and TB.05 can be assigned 
to the protons of methyl groups next to carbonyl, these absorptions are 
at rather high field to be due to methyl ketone groups and so must be 
due to the protons of two acetate groups, the intense absorption in the 
74 -1 d 60' intrared spectrum at 1 ° em an the loss ot mass un1ts due to loss 
of acetic acid in the mass spectrum are further evidence for this 
assignment. 
The absorption at t8.7 varied in intensity with different 
samples of azadirachtin some of this was probably due to hydrocarbon 
grease impurity from the silica used in preparati ve l~er chromatography. 
The n.m.r. spectrum of a sample of azadirachtin recrystallized fram 
carbon tetrachloride showed a reduction in intensity of this absorption, 
but same absorption was still visible in this position. 
There was a strong ion in the .mass spectrum of azadirachtin 
at mle 83 corresponding to an ion C5H70+. The tiglate ester group (20), 
which has been found in a number of naturally occurring campounds 
including salannin19•20 (2) a tetranortriterpenoid isolated tram neem. 
would give rise to such an ion (21). 
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CH~ CH3 CH3 /CH3 / 
"-C = C C = C / \ / \ 
H C - OR H C 
II III 0 0+ 
(20) (21) 
The n.m.r. spectrum of azadirachtin shoved a broad multiplet 
at T3.0 and absorptions at T8.15 and T8.25 which are characteristic of 
the tig1ate group. as also is the absorption at 217 nm.. in the ultr .. 
violet spectrum. The infrared spectrum of methyl tiglate shoved a 
. -1 . 6-1 carbonyl absorptlon at 1,710 em and a C=C stretchlng band at 1, 50 em , 
corresponding absorptions appeared in the spectrum of azadirachtin. 
The presence of a tiglate ester group was confirmed by alkaline 
hydrolysis. Azadirachtin was hydrolysed under vigorous alkaline 
conditions. The resulting mixture was acidified and extracted into 
ethereal diazomethane and the ether solution was IUbjected to gas 
chranatography. The gas chromatogram showed a peak corresponding in 
retention time to that of methyl tiglate. It was not possible to 
identitY methyl acetate formed from the acetic acid produced in the 
hydrolysis because the diazomethane was prepared from N-nitrosomethyl 
urea which contained acetic acid as impurity. 
The possibility that the ester group in azadirachtin was an 
angelate ester and that isomerisation to tiglate had taken place on 
hydrolysis can be ruled out by n.m.r. data. Fraser33 reported the 
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chemical shifts of the protons in methyl tiglate and methyl angelate: 
Methyl Tiglate Methyl Angelate 
a-CH3 T8.20 T8.13 
B-CH3 T8.25 T8.05 
8-H T3.28 T4.03 
In the spectrum of azadirachtin the multiplet at T3.0 corresponds more 
closely to the position of absorption of the 8-H proton of methyl 
tiglate. 
The 60 MHz n.m.r. spectrum of methyl tiglate showed the a-CH3 
singlet superimposed over the low field component of the B-CH3 doublet, 
these absorptions were not further split; whereas the spectrum of methyl 
angelate showed the a-CH3 singlet superimposed over the high field 
component of the B-CH3 doublet and in this case the absorptions were 
turther split because the coupling between the methyl protons was greater 
than in the case of methyl tiglate. The appearance of the absorptions 
at T8.20 and T8.28 suggested the presence of an absorption due to a 
tiglate ester with a two or three proton singlet superimposed on the high 
field component of the B-CH3 doublet. This was later confirmed by spin 
decoupling, irradiating at T3.0 the B-CH3 doublet collapsed to a singlet 
revealing a singlet at T8.28 (fig. 19). 
The extinction coefficient of methyl tiglate was determined, 
Amax. 217 nm. t8,890, using this value the molecular weight of azadirachtin 
was estimated to be 700 from its ultraviolet absorption maximum. 
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The n.m.r. spectrum of azadirachtin showed two doublets at 
T3.55 and T4.95. of one proton each. which appeared to be coupled 
together with a coupling constant of 3 Hz. this was confirmed by spin 
decoupling at 100 MHz (fig. 19). The chemical shift of the low field 
doublet was indicative of a proton on a double bond further deshielded 
by an adjacent carbonyl group or ether o~gen. the first possibility is 
ruled out by the absence of ultraviolet absorption other than that of 
the tiglate ester group. The low value of the coupling constant is 
consistent with the vinyl ether being part of a ring system. in 
2.3 dihydropyran34 J • 6 Hz and in 2.3 dihydroturan35 J • 2.6 Hz. 
Very few naturally occurring compounds are known which contain 
the dihydroturan system. A group of compounds have been i.olated which 
contain the dihydrofurobenzoturan system and which show toxic and 
carcinogenic potency in many animal species. The first of these structures 
to be established was that of sterigmatocystin36 (22) from ABpergittus 
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Later the structures of the aflatoxins Bl (23) Gl (24)37 and Ml (25)38 
fram AspergiLLus flavus were elucidated. 
(23) R = H 
(25) R = OH 
(24) 
More recently McCrindle et at. 39 have isolated from Sotidago 
canadensis a mixture of epimeric ethers to which they assigned the 
structure (26). 
(26) 
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The n.m.r. spectral data for the protons of the dihydrofUran 
system of these canpounds and the parent canpound 2.3 dihydroturan are 
summarised below. 
3r-1 
2~/S 
H-5 H-4 H-2 J 4•5 J 3•5 
2.3 dihydroturan 35 '[3.78 '[5.18 '[5.8 2.6 Hz. 2.6 Hz. 
Aflatoxin Bl 37 T3.48 T4.47 T3.11 2.5 Hz. 2.5 Hz. 
Atlatoxin Ml38 '[3.17 '[4.36 T3.54 3 Hz. 
Spiro-ether mixture39 '[ 3.5 T 4.9 T 5.8 not quoted. 
The spiro-ether is a mixture of two isomers. which complicates 
the n.m.r. spectrum, however in this case there are no protons in the 
3-position of the dihydroturan and the only coupling of H-4 and H-5 is 
between each other. so that the absorptions due to H-4 and H-5 each 
cODsist of two overlapping doublets. As is the cue with all these 
examples no coupling is observed between the 0-2 proton or protons and 
H-4 and H-5. but in each of the cases where there is a proton in the 
3-position H-4 and H-5 are fUrther coup~ed. 
In the n.JIl.r. spectrum ot azadirachtin the doublets occur at 
T3.55 and T4.95. which are closer to the values observed tor the oletinic 
protons of the dihydroturan ring in 2.3 dihydroturan and the spiro-ether 
mixture fran SO 7,idago canadsnsi.s. the corresponding absorptions in the 
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dihydrofurobenzofuran occur at lower field because of the benzene ring. 
It would appear that if a dihydrof'uran system is present in azadirachtin 
it must be fully substituted in the 3-position because the absorptions 
assigned to the olefinic protons appear as simple doublets. 
Now that the presence of at least two double bonds had been 
established in azadirachtin an attempt was made to hydrogenate the 
molecule. Treatment of azadirachtin in glacial acetic acid at room 
temperature with hydrogen at atmospheric pressure in the presence of 
Adam's platin_ catalyst did not have any effect, however in ethyl acetate 
with hydrogen at a pressure of 50 lbs/sq.in. using the same catalyst, 
hydrogenation occurred to give a product vhich had a lower R, thaD 
azadirachtin on thin layer chromatography and could be purified by 
preparati ve layer chromatography. 
The mass spectrum of azadirachtin vas first recorded on an 
A.E.I. M.S.9 instrument by Dr. V.P. Williams at the Shell Laboratory for 
Chemical Enzymology, Sittingbourne; the highest ion of any significance 
vas at 642 and this was taken to be the molecular ion, an accurate mass 
determination of this ion gave the molecular fo~ula C29H38016 which vas 
reported in a preliminary cammunication.40 This vas later found to be 
incorrect, when this ion and a nUllber of other significant ions vere 
subjected to accurate mass determination (see Experimental Section), the 
ion m/e 642 was found to correspond to a molecular formula of C33H3S0l3. 
Ions at m/e 621 and 611 corresponded to the loss ot .CH3 and .OCH3 tr<a 
the methyl ester groups. 
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When the mass spectrum of a different sample of azadirachtin 
was recorded on the Hitachi-Perkin Elmer RMU.6 instrument, (fig. 3) 
ions at 702, 688, 670 and 660 were observed corresponding to extremely 
weak ions in the original spectrum which were thought to be impurity, 
in this case the ion m Ie 670 was in greater abundance than the ion 
Further evidence for the molecular weight of azadirachtin 
being greater than 642 came from the mass spectrum of the hydrogenation 
product (fig. 4) which showed significant ions at 690, 672, 662 and 644 
all two mass units higher than significant ions in the mass spectrum of 
azadirachtin, indicating that the hydrogenation product is the dihydro-
derivative of azadirachtin. 
The doublets in the n.m.r. spectrum of azadirachtin, which have 
been assigned to the olefinic protons of a dihydrofuran ring, vere no 
longer present in the n.m.r. spectrum of dihydro-azadirachtin, (fig. 5) 
therefore it is this double bond which has been hydrogenated, there was 
an increase in the absorption in the region of "[5.9 and T7.8 due to 
methylene groups tormed in this hydrogenation. The absorptions in the 
n.m.r. spectrum due to the tiglate ester group remained, showing that the 
double bond of the tiglate ester group had not been hydrogenated, further 
confirmation of this was given by the ultravi01et spectrum which showed 
Amax. 219 nm. and also the infrared spectrum showed the absorption at 
1655 cm-l assigned to the double bond of the tiglate ester group, however 
the absorption at 1625 cm-l in the spectrum of azadirachtin vas not present 
in the spectrum of dihydro-azadirachtin, indicating that this absorption 
Mass Spectrum of Azadirachtin 
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is due to the double bond which has been assigned to a dibydroturan 
ring. 
The one proton singlet at T4.4 in the n.m.r. spectrum ot 
azadlrachtin was shifted to T4.7 in the spectrum ot dibydro-azadirachtin, 
so it appears "that this absorption is due to a proton near to the double 
bond. It the dibydroturan ring were ox;ygenated in the C-2 position 
either as a hemi-acetal (27) or acetal system (28), it has alreaQy been 
suggested that the 3-position ot the dibydroturan ring is tully' 
substi tuted, so that the proton next to the ox;ygen would appear as a 
sharp singlet; this proton being deshielded by two adjacent ox;ygen atoms 
and also to a small extent by the double bond. The chemical shitt of 
this proton is not comparable with the chemical shifts ot the proton 
in the same position in the atlatoxins because these are affected by the 
benzene ring. 
(28) (27) 
It the system is a hemi-acetai the ~drogenation product would 
contain a helli-acetal system canparaple with the hemi-acetal system (29) 
in melianone26•27 (11). 
H 
HO---
R" 
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The B-2l proton in melianone absorbs at T4.62 which is very 
similar to the position of the sharp singlet in the spectrum of 
dihydro-azadirachtin. Hovever it is unlikely that there would be any 
great difference in the chemical shift of the H-2 proton in the hemi-
acetal or acetal systems, so that neither possibility can be ruled out 
on this evidence. 
The mass spectrum of hydrogenated azadirachtin gave further 
indication that the molecular weight of azadirachtin was higher than 642, 
but it was still impossible to arrive at the true value. It was thought 
that the difficulty encountered in obtaining a molecular ion may have been 
due to the involatili ty of azadirachtin and dihydro-azadirachtin, so it 
was considered necessary to try to prepare a more volatile derivative of 
azadirachtin which would perhaps give a molecular ion on mass spectraaetry. 
Early attempts on a small scale to prepare an acetate of 
azadirachtin which would probably be more volatile did not appear to 
meet with success, several methods were tried including the action of 
acetic anhydride, acetic anhydride-pyridine and acetic anhydride-boron 
trifluoride. The products obtained were mixtures, the major components 
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of which had ~ values less than that of azadirachtin on thin layer 
chromatography, it was expected that an acetate of azadirachtin would 
be less polar than azadirachtin and have a greater~. Because of 
this and the limited amount of azadirachtin available the reactions 
were not repeated on a larger scale at this stage. 
Trimetbyl-silyl ether derivatives of alcoho1s4l have been 
used extensively for purification and identification purposes in recent 
years. The increased volatility of the trimethyl-silyl ether over that 
of the parent alcohol very otten lends itself to gas chrauatographic 
separation and mass spectrometry in which the trimethy'l-silyl group in 
many cases appears to direct characteristic tragmeDtatioD patterns. 
Bis(trimethy'l-silyl} acetamide, (30}42 a reageDt obtainable 
commercially which readily fo~s silyl derivatives under mild conditions, 
was used iD an attempt to form the trimetbyl-silyl derivative of 
azadirachtin. 
/OSi(CH3 )3 
CH3 - C ~ 
N-Si(CH3)3 
(30) 
Excess of this reagent was added to a chlorotorm solutioD ot 
azadirachtiD, atter a tew minutes the volatile cOlllpODents vere puaped 
off and the ~ residue was subjected to mass spectrcaetry. The mass 
spectrum showed ions at considerably higher mle to thoae observed in the 
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spectrum of azadirachtin and the highest peaks appeared at m/e 864. 
Dihydro-azadirachtin treated similarly gave a mass spectrum with the 
highest peak at m/e 866. 
It was thought that the trimethyl-silyl ether derivative 
would be moisture sensitive and therefore it would not be practicable 
to purify the product by preparative l~er chromatography. However 
the reaction was repeated on a larger scale and an attempt was made to 
purify the product by preparative layer chromatography; by extracting 
the silica with chloroform instead of methanol to reduce the risk ot 
hydrolysis, the pure trimethyl- silyl ether deri vati ve ot azadirachtin 
vas isolated. 
The n.m.r. spectrum of this derivative (tig. 6) showed tvo 
absorptions at T9.8 and T9.9, the integrated spectrum clearly showed that 
tvo trimethyl-silyl ether groups had been introduced and that, therefore, 
since the general appearance of the n.m.r. spectrum vas unchanged, there 
are two hydroxyl groups in azadirachtin. The infrared spectrum did not 
show the broad absorption attributed to hydroxyl, present in the spectrum 
ot azadirachtin. 
The mass spectrum of the trimethyl-silyl ether derivative is 
shown in fig. 7, the tragmentation can be partially explained. Loss ot 
a methyl radical vould gj.ve the ion m/e 849, such a-cleavage CClllllLOnly 
occurs in trimethyl-silyl ethers.43 
6or·1Hz. N.l-l.R. S ectrum of Bis(trimeth I-sil I)azadirachti 
Figure 6 
Mass Spectrum of Bis{trimethyl-silyl)azadirachtin' . 
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CH3 I -CH • 3 + ,.. CH3 
- ° - Si - CH3 ) - ° iii Si + I , 
CH3 
CH3 
Loss of acetyl would give the ion at m/e 821, alternatively loss 
of an acetoxyl radical would give the ion m/e 805. The loss of 90 
mass units from m/e 805 to m/e 715 could be explained by loss of 
trimethyl-silanol. 43 
A molecular weight of 864 for & bis (trimethyl-.ilyl) ether 
derivative corresponds to a molecular weight of 720 for azadirachtin. 
Accurate mass dete~in&tions of the m/e 864 ion were 
carried out by Dr. V.P. Williams and the Physico-Chemical Measurements 
Unit, Harwell. Both dete~inations gave a value for the molecular 
weight corresponding to a fo~ula C41H600l6Si2' this vas in agree-
ment with the analytical data and gives & molecular formula for 
azadirachtin of C35H440l6. The chart below shows how the ions above 
m/e 600 in the mass spectrum of azadirachtin can be correlated with 
a molecular ion of 720. 
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720 
-7 132 
702 688 
\32/_l.8 
-60 
670 
~l.8 660 
7-5 -28 -3l. -60 
62l. -l.8 
642 
-31/ ~15 
611 627 
Hence all of the high mass peaks in the mas8 .pectrum can 
be accounted for by l.oss of fragments al.re~ recognized in the 
structure ot azadirachtin, 10s8 ot water, 18, acetic acid, 6o, 
methanol, 32 and metho~l radical, 31. 
Assuming the loss of one molecule of vater and one molecule 
of acetic acid tram C35H44016 gives a to~ula ot C33H)6013 tor the 
642 ion which agrees with the to~ula dete~ned earlier. 
In a similar way the high m/e ion8 in the mass spectrum ot 
dihydro-azadirachtin can be accounted tor b1 the 1088 ot !repents 
alrea~ identified in the molecule. The 1088 of 43 mass unit8 being 
due to loss of acet1l radical. 
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722 -~ ~8 
-28 / 69~ _~O~ 
, 672 -60 
662 -18 _~ ~644 
-1/ \-~3 
629~\ 
601 
The analytical results tor azadirachtin vere not very 
satistactory. The carbon and hydrogen values ot a sample which had 
been recrystallized trom carbon tetrachloride were lover than 
required tor C35H440l6. When the same sample was subjected to mass 
spectrometry it was evident that some carbon tetrachloride had 
remained trapped in the sample even atter heating at 1000 under 
vacuum. The presence ot this solvent would tend to lover the anaJ.ysis 
figures. The results obtained for a sample of azadirachtin purified 
by preparative layer chranatography were high, being just outside the 
acceptable experimental limits. Hovever all the samples ot azadirachtin 
puritied by this method shoved an absorption in their n.m.r. spectra 
which was thought to be due to hydrocarbon grease, the presence of such 
an impurity would tend to give high carbon and hydrogen ane.lyses. 
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The presence of at l.east two doubl.e bonds in azadirachtin 
having been established, methods of oxidation of these were 
attempted. Treatment of azadirachtin in refl.uxing acetone with 
potassium per.manganate. fol.lowed by esterification of the product 
with diazomethane, gave a mixture which on thin layer chrClnatography 
did not show any wel.l. defined components. 
Treatment of azadirachtin in ethyl acetate at _200 with 
ozonized air fol1.owed by reduction with hydrogen in the presence of 
Adam's pl.atinum catalyst gave a crude product the n.m.r. ot which is 
shown in fig. 8. This showed an absorption at t7.5 which could be 
assigned to the methyl. protons of a pyruvate ester group (3l.) to~ed 
trom the tiglate ester. 
0 R - 0 II 
R - 0 - C H i) o 200 , 
\ 
'" 
3 - ) C • 0 C • c ii) I I \ H2/pt c- O 
H3C eH3 
/ 
H3C 
(31) 
The presence ot absorptions at t2.2 and to.4, Vhich could be 
assigned to the protons ot a to~te ester group and aldehyde group 
respectively, are further evidence tor the presence ot a vinyl ether to~ 
ing part ot a ring structure as in the· dihydroturan system. Ozonolysis 
ot such a system would produce a to~te ester and aldehyde group. 
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An attempt was made to purity the ozonolysis product by 
preparati ve layer chromatography, but on eluting the chromatogram 
no clear bands were visible. It was thought that this mBf have been 
the result of the aldehyde group being oxidized to the carboxylic 
acid whilst on the plate. In view of this result another approach 
was sought. 
A reagent which has been used to bring about oxidation ot 
olefins similar to that achieved by ozonolysis is the Lemieux 
reagent,44, 45,46,47 which consists of a dilute aqueous solution of 
sodium metaperiodate with a catalytic quantity of potassium permanganate. 
For ole fins which are not water soluble the reagent has been used with 
the olefin dissolved in a water miscible solvent such as dioxan, 
pyridine or t-butanol. 
The olefin is first oxidized by the potassium permanganate to 
the cis-diol which is then cleaTed by the sodium metaperiodate to give 
aldehydes or ketones. any aldehydic products ~ then be oxidized by 
the potassium permanganate to carboxylic acids. Manganese in its lover 
oxidation state is oxidized by the sodium metaperiodate back to its 
original oxidation state. 
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When a solution of azadirachtin in t-butanol was treated 
with the Lemieux reagent a product was isolated by acidification 
and extraction into chloroform. The n.m.r. spectrum of this material 
(fig. 9) was very similar to that of the crude ozonolysis product, 
except that there was no absorption due to an aldehyde proton, this 
was to be expected since any aldehyde produced by cleavage of a double 
bond would be oxidized by the potassium permanganate to a carboxylic 
acid. The infrared spectrum of this product showed a very broad 
absorption from 3500-2500 cm-l characteristic of the hydrogen bonded OR 
group of a carboxylic acid. On thin layer chromatography in ether-
acetone (4:1) the product gave an elongated spot at the origin, 
characteristic of a carboxylic acid. 
Because carboxylic acids do not run very well on thin layer 
chromatography, the product was dissolved in chloroform and treated 
with excess ethereal diazomethane, the n.m.r. spectrum of the esterified 
product showed an increase in intensity of the absorption in the methyl 
ester region, the absorption assigned to a formate ester proton was 
still present. that assigned to the methyl protons of the pyruvate ester 
group was not present. but there was a new absorption at T8. 4. 
Arndt e't at. 48 have reported that diazemethane adds across 
the a-keto group of methyl pyruvate to give the epoxide (32). 
60MHz. N.M.R. Spectrum of the Product from Ozonolysis of Azadirachtin 
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It seems most likely that this type o~ reaction had occurred on 
esteritication and so the absorption due to the methyl protons o~ 
pyruvyl ester were no longer evident in the n.m.r. spectrum, the 
corresponding methyl protons o~ the product being explained by the 
absorption at TB.4. 
Pyruvate and ~ormate esters are susceptible to mild 
hydrolysis, so to avoid the added complication o~ the ~ormation o~ 
an epoxide on esteri~ication, it was decided to try to remove the 
pyruvate and tormate esters selectively be~ore esteri~ication. The 
crude Lemieux oxidation product was treated with aqueous methanolic 
potassium bicarbonate at room temperature ~or 24 hours. The n.m.r. 
spectrum of the material isolated by acidification, extraction into 
chloroform and esterification with diazomethane, did not show absorptions 
at T2.2 and T7.5 assigned to the protons o~ ~ormate and pyruvate esters. 
Thin lqer chromatography showed that this product consisted of at 
least three components, which were separated by preparative layer 
chranatography. 
The spectral evidence ~or the dihydro~an ring ~orming part 
o~ a hemi-acetal or acetal syatem has already been described, further 
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evidence which tends to rule out the possibi1ity of a hemi-aceta1 
wi11 be described 1ater. Lemieux oxidation of the aceta1 system 
f'o11owed by hydro1ysis and esterification would be expected to give 
the structure (33). 
> 
HO-~---+--
) 
Mco-~t 
HO H 0 
hydro1ysi~ 
H o 
The products obtained trom this reaction a11 had very 
similar n.m.r. spectra, but it w~ not possible to correlate ~ 
of these products with the predicted product containing the 
structura1 fragment ( 33 ) • 
Azadirachtin has been shown to contain two hydroX1'1 groups, 
all attempt was made to oxidize one or both of' these sroups using 
Cornforth t s reagent 49 (chromium trioxide-pyridine). Atter treatment 
with this reagent at roam temperature f'or two deJs onl7 starting 
materia1 was recovered. This suggested that the hydroq1 group. are 
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both tertiary or highly hindered. This method was chosen rather 
than the acidic Jones reagent (chromic acid-acetone) because of the 
sensitivity of azadirachtin to acid. 
It was thought that if one or more of the ester groups 
of azadirachtin could be removed by alkaline hydrolysis, the hydroxyl 
group or groups produced m8¥ be susceptible to oxidation with Cornforth's 
reagent, and so further information on the structure of azadirachtin 
could be obtained. However early attempts to obtain such a selective 
hydrolysis product were unsuccesstul. 
The presence of a double bond in the tiglate ester group of 
dihydro-azadirachtin made it possible to remove this group selectively. 
OVerton et a~. 50 have used osmylation followed by periodate oxidation 
and mild hydrolysis of the pyruvate ester formed to remove the tiglate 
ester from swietenine. 
Since a pyruvate ester had been obtained on treating 
azadirachtin with the Lemieux reagent, dihydro-azadirachtin was treated 
under similar conditions and a single product detiglo,rl-pyruvyl-
dihydro-azadirachtin was formed, which was puritied by preparative layer 
chromatography. The n.m.r. spectrum of this compound (fig. 10) showed 
a singlet at T7.5 which could be attributed to the methyl protons ot a 
pyruvate ester grouP. the absorptions due to the methyl protons of the 
acetate groups appeared almost superimposed at T8.o. the singlet at 'T8.25. 
which is obscured by the tiglate ester absorption in the spectrum ot 
azadirachtin and is revealed by spin decoupling (tig. 19). could be 
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clearly seen. 
Dihydro-azadirachtin has a molecular weight ot 722 and there-
fore the pyruvate ester derivative should have a molecular weight ot 
710. As with azadirachtin and dihydro-azadirachtin a molecular ion 
was not observed in the mass spectrum, the ion ot highest mass observed, 
mle 692, corresponded to a loss ot water tram a molecular ion of 710. 
All the ions above m I e 600 in the mass spectrum can be accounted tor 
by' loss ot tragments alrea~ known to be present in the molecule, that is 
loss ot water, 18, methanol, 32, acetic acid, 60, and acetyl radical, 43. 
710 
t-l.8 
692 
~_43\_32 
649 
"'32 660 ~8 . -~ l43 ~632 
fL( -15 
617 
Overton st at. 50 found that treatment ot the PfrUYate ester 
of avietenine with aqueous sodium bicarbonate solution at 200 tor 
15 minutes gave detigloy1swietenine. Wben detig1oyl-p,yruvyl-dih¥dro-
&zadirachtin was treated with aqueous methanolic sodium bicarbonate at 
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room temperature tor ten minutes, a product was iso~ated which was 
shown to be main~y starting materi~ by thin l~er chromatography. 
Treatment tor a further hour gave a product which on thin l~er 
chromatography was tound to be mainly a component with a ~ower 1\, 
than detig~OY1-pyruvyl-dihydro-azadirachtin. The '[1.5 absorption in 
the n.m.r. spectrum of the crude product due to the methyl protons ot 
the pyruvate ester was considerably less intense than in the spectrum 
ot the starting material, indicating that almost complete hydrolysis 
ot the pyruvate ester group had occurred. Detig~oy~-dihydro-azadirachtin 
was isolated from the mixture by preparative layer chromatography. 
The n.m.r. spectrum ot detig1oy1-dihydro-azadirachtin (tig. ~) 
showed the absorptions ot the methyl ester protons very c1os. together 
at '[6.20 and t6.23. the absorptions due to the methyl protons ot the two 
acetate groups were superimposed at '[1.95. 
There was no absorption maxjmum in the utravio~et spectrum ot 
this derivative. contir.ming that the absorption in the spectrum ot 
dihydro-azadirachtin is due o~ to the tig~ate ester group. The infrared 
spectrum showed a much sharper absorption in the carbonyl region at 
1140 em-1 , than in the spectrum ot azadirachtin. because the absorption 
-1 . 
at ~1~0 cm due to the t1g~ate ester group was not present. 
The expected mo~ec~ar weight ot detigloyl-diqdro-azadirachtin 
is 640. The ion ot highest mass observed in the spectrum ot this compound 
was at m/e 622, which corresponds to loss of vater trcm the molecular 
ion. All the higher mass ions in this spectrum can be accounted for by 
N.M.R. Spectrum of Detigloyl-pyruvyl-dihydro-azadirachtin 
Figure 10 
Spectrum of Detig1oyl-dipydro-azadirachtin 
Figure 11 
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the loss of fragments, which have already been identified in the 
molecule. 
8 640 ~~60 X /622 ~43 -~ 580\..43 
604 ~ -60 ~ ~ 
590 579 ~562 -32/ 
\
15 1 
547 ~ 
53,\ -3 ~ 
505 
}28 
519 477 
Detigloyl-dihydro-azadirachtin contains an additional hydroXJl 
group, so an attempt was made to oxidize this compound using Cornforth's 
reagent. 49 Treatment tor 65 hours at room temperature gave a product 
which on thin layer chromatography in ether-acetone (4:1) appeared to be 
a mixture of starting material and one other less polar component, these 
were separated by preparative layer chromatography. The less polar 
component, however, was found to be a mixture of two components on thin 
layer chromatography in etbFl acetate, 80 a further preparative layer 
chromatography was carried out, eluting with ethyl acetate. The major 
component was isolated as a slightly yellow glass which was identified as 
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an ClB-unsaturated ketone, by absorptions in its accumulated n.m.r. 
spectrum (fig. 12) at T2.9 and T3.8 characteristic, of the S and a 
protons respectivel.y of such a ketone. An absorption in the infrared 
spectrum at 1690 cm-l was characteristic of a six-membered ring 
CIa-unsaturated ketone as was the absorption in the ultraviolet spectrum, 
). 225 nm. r1% 2,300. max. em. 
It is possible that the as-unsaturated ketone could have 
been formed by the oxidation of the new hydro~1 group fol.lowed by 10ss 
of acetate, in the mildl.y basic medium, in a system where an acetate 
group is in the B-position to the hydro~l. This would mean that the 
tiglate ester group in azadirachtin is S to an acetate group, this 
conclusion is supported by spin-decoup1ing evidence. 
H OH 
Pyr. 
H 
--~) H 
AcO 
H 
o 
/I 
~ +-----7~ Pyr.H OAc + 
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Schutt and Tamm51 have reported that a similar reaction occurs 
when the acetate (34) is subjected to the mi1dly basic conditions ot an 
alumina column. 
3 
6aMHz. N.M.R. Spectrum of the Product fram Oxidation of Detigloyl-dihydro-azadirachtin 
with Cornforth's Reagent 
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Figure 12 
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(34) 
The absorptions in the n.m.r. spectrum ot the as-unsaturated 
ketone at 'f8. 3 and 'f8. 5 were at rather too high field to be due to 
acetate so it appeared that both acetate groups had been lost in this 
reaction. The absorption at 'f8.35 corresponded to the singlet in the 
n.m.r. spectrum of the starting material. but the absorption at 'f8.5 
was unaccounted for. 
The structural feature (35) is present in sal&lUlin19•20 (2) 
/..co·· 
(35) 
The corresponding as-unsaturated ketone to salumin would be 
a 62•3_1_ketone such as is found in niabin16,11 (1). The ch_cal 
.!litts or the H-2 and H-3 protons in n:imbin are T_.16 and T3.68. howeftr 
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the corresponding shifts in the as-unsaturated ketone derived fram 
detigloyl-dihydro-azadirachtin are T3.8 and T2.85. These correspond 
more closely to the chemical shifts of the H-2 and H-l protons in a 
6l ,2_3-ketone such as the campound52 (36) which are at T2.82 and T4.l8. 
(36) 
The mass spectrum of the as-unsaturated ketone was not very 
informati ve, because ions were observed of higher mass than the molecular 
ion of the starting material, apparently same impurity was present. No 
further work has been carried out on this reaction product to completely 
relate the structure ot this aB-unsaturated ketone to that ot azadirachtin. 
The groups already assigned to the structure ot azadirachtin 
are summarised below. 
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These assignments leave three o~gen atoms ot the molecular 
to~ula C35H44016 to be accounted tor. 
Treatment ot azadirachtin with sodium borohydride tor a short 
time at roan temperature did not produce any reaction, treatment tor a 
longer time gave a complex mixture ot products, probably the result ot 
alkaline hydrolYsis. The resistance ot azadirachtin to sodium borohydride 
reduction is an indication that either a ketone group is not present or 
is present in a hindered position. 
The tailure to torm a 2,4-dinitropheJl1'lhydrazone ot azadirachtin 
was to be expected since it is very sensitive to acid conditions; in all 
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attempt to fo~ a semicarbazone derivative, which requires less 
acid conditions. only starting material was recovered, this was 
further indication of the absence of a ketone group. 
To determine whether azadirachtin contained a lactone group, 
it was treated in ethanol solution with dilute alkali, back titration 
showed that half an equivalent of base had been conslDlled, asslDlling 
the molecular weight of azadirachtin to be 720. Acidification and 
extraction with chlorofo~ gave a product consisting of at least two 
components, from which the major component was isolated by preparative 
layer chromatography. This component had an R, on thin layer 
chromatography very similar to that of azadirachtin. Its n.m.r. spectrlDll 
closely resembled that of azadirachtin except that the high field 
methoxyl absorption was very much reduced in intensity, and there was 
a larger absorption in the t8.7 region. This suggested that the 
component was the compound in which one of the methyl ester groups had 
been replaced by an ethyl ester group. This could have been fo~ed by 
hydrolysis of the methyl ester group having taken place in alkaline 
solution followed by esteritication with ethanol on aciditication. The 
less intense high field methoxyl absorption in the n.m.r. spectrum could 
have been caused by the presence of some azadirachtin as impurity. The 
mass spectrum showed ions corresponding to azadirachtin and also 
additional ions, one at 716 which would correspond to the loss ot 18 
mass units from a molecular ion m Ie 734, the expected molecular weight 
ot the ethyl ester. 
Since only' halt an equivalent ot base vas consUllled in this 
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reaction there is no evidence for the presence of a lactone. 
It has already been mentioned that early attempts at 
alkaline hydrolysis of azadirachtin were unsuccesstul. Azadirachtin 
dissolved in methanol was treated with 5% potassium hydroxide solution 
for two hours, aciditication and extraction into ethyl acetate gave a 
product, sparingly soluble in chlorotorm, which behaved on thin l~er 
chromatography like a carboxylic acid, giving an elongated spot at the 
origin on eluting with ether-acetone (4:1). 
The product was esterified with diazomethane and the residue 
obtained was tound to be a mixture ot tive components by thin layer 
chromatography. These tive components were separated by preparative 
l~er chromatography. The accumulated n.m.r. spectra ot these canponents 
were not very intormative, they consisted ot rather ill-detined peaks. 
None ot the products appeared to be the expected product frOm the removal 
ot one or more of the ester groups. 
The alkaline hydrolysis was later repeated using 2~% potassium 
hydroxide solution and allowing it to react tor one hour. The product 
was isolated in the same w~ as betore except that the aciditied solution 
was continuously extracted with ethyl acetate to improve the recover,r ot 
material. This time the product af'ter esterification was tound to 
consist of mainly two ccaponents by thin l~er chromatography. These 
components were separated by preparative l~er chramatograpby. 
The n.m.r. spectrum (tig. 13) ot the major cOIIlponent clearly 
shoved it to be azadirachtin trom which one ot the acetate groups had 
been removed. Tbe shif't ot the one proton absorption at '(4.5 in the 
6o~lliz. N.M.R. Spectrum of Deacetyl-azadirachtin 
7 y 
Figure 13 
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spectrum of azadirachtin to higher field in the spectrum of the 
deacetyl compound indicates that this absorption is due to a proton 
on the carbon atom to which the acetate, removed by hydrolysis, is 
attached in azadirachtin. 
The expected molecular weight of this derivative is 678, 
the ion of highest m/e observed is at 660, this and all the other 
ions above m/e 500 can be accounted for by the loss of fragments, 
already assigned to the structure, from the molecular ion m/e 678. 
-60 
600 
610~ 
/551 
~-32 
519 
The n.m.r. spectrum of the minor component was complex, the 
absorptions due to the tiglate and acetate groups were still present, 
but the doublets ot the protons assigned to a dihydroturan ring were no 
longer present, and there was an intense absorption at T8.7. It would 
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appear therefore that this was not a straightforward hydrolysis 
product. 
In view of the success in isolating a recognisable hydrolysis 
product from the alkaline hydrolysis of azadirachtin. alkaline 
hydrolysis of dihydro-azadirachtin was attempted under the same 
conditions. Two products were isolated. one was shown by its n.m.r. 
spectrum (fig. 14) to be dihydro-azadirachtin from which one of the 
acetates had been removed. corresponding to the product obtained from 
the alkaline hydrolysis of azadirachtin. Again the proton at T4.5 in 
the spectra of azadirachtin and dihydro-azadirachtin is shifted to 
higher tield in the spectrum of deacetyl-dihydro-azadirachtin. this is 
further indication that this absorption is due to a proton on the carbon 
atom to which the acetate. removed by hydrolysis. is attached in 
azadirachtin. 
The expected molecular weight of deacetyl-dihydro-azadirachtin 
is 680. the molecular ion is not observed in the mass spectrum. the ion 
of highest mass being at m/e 662. All the ions above m/e 500 in the mass 
spectrum can be accounted for by the loss ot fragments alrea~ identified 
in the molecule. 
559 
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The other product from the alkaline hydrolysis of dihydro-
azadirachtin, which was less polar than either dihydro-azadirachtin or 
deacetyl-dihydro-azadirachtin, showed only one metho~l absorption in 
its n.m.r. spectrum (fig. 15). The integration and appearance of the 
T8.0 - T8.5 region of the spectrum indicated that one of the acetate 
groups had been removed and the absorption due to the other had shifted 
upfield to became superimposed over the singlet of the tiglate ester 
absorption. There was no broad absorption in the infrared spectrum 
characteristic of the hydrogen bonded OR of' a carbo~lic acid group. 
This suggested that a lactone had been formed between the carboX1l group 
produced by the hydrolysis of' a methyl ester and the hydro~l group 
produced by the hydrolysis of the acetate group. 
The expected molecular weight of such a derivative is 648. 
however the mass spectrum showed ions up to m/e 104. which could possibly 
be due to impurity, there was however no ion at 648 but a very intense 
ion at 649. Further work is required to correlate this compound with the 
structure of' azadirachtin. 
Azadirachtin was found to be very sensitive to acid. treatment 
with 21. methanolic hydrochloric acid for two hours at room temperature 
and treatment with 0.1 • methanolic hydrochloric acid for three ~8 at 
_50. both gave a mixture of products which had very similar Rr values and 
could not be separated by preparati ve l~er chromatography. The absorptions 
in the n.m.r. and infrared spectra due to the olefinic protons and double 
bond respectively of the dihydrof'uran ring were no longer present in the 
spectra of the product. The appearance of an intense peak at 't6.6 in the 
60~lliz. N.M.R. Spectrum of Deacetyl-dihydro-azadirachtin 
7 9 
Figure 14 
60MHz. N.H. R. Spectrum of the 1--1a.; or Product from the Alkaline Hydrolysis ot 
Dihydro-azadirachtin 
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n.m.r. spectrum suggested that methoxyl groups had been introduced. 
It is possible that the acetal system already postulated in the 
structure of azadirachtin could have opened under the acid conditions 
with the formation of methyl acetals and other rearrangement products. 
There was no change in the relative intensities of the carbonyl 
absorption to that of the hydroxyl absorption in the intrared spectrum 
of the product compared to that of azadirachtin, indicating that no 
hydrolysis had occurred. Azadirachtin was found to be rather more stable 
to aqueous hydrochloric acid. 
Dihydro-azadirachtin was also found to be sensitive to acid, 
treatment for one hour with 2N. methanolic hydrochloric acid was shown 
by thin l~er chromatography to have given a mixture of at least three 
components. 
Treatment of azadirachtin with dry hydrogen chloride in chloro-
fo~ gave a product in which hydrogen chloride had added across the double 
bond of the dihydrofuran ring, this was deduced from the n.m.r. spectrum, 
which was very similar to that of azadirachtin except that the doublets 
assigned to the protons of the double bond of the dihydrofuran vere no 
longer present, also the absorption due to this double bond in the infrared 
spectrum was absent. 
Treatment of azadirachtin with bromine in chloroform gave a 
mixture of products the major one of which had an 11- on thin lay'er 
chromatography, similar to the products ot acid treatment.. When the 
reaction was repeated in the presence ot suspended calciUli carbonate, the 
product obtained had an ll- greater than that ot azadirachtin. The n.ll.r. 
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spectrum (fig. 16) of the product. purified by preparative layer 
chromatography. showed a shift of the doublet from T3.5 upfield. 
indicating that the double bond of the dihydrofuran ring had been 
brominated. this was confirmed by the absence of an absorption at 
1625 em -1 in the infrared spectrum. The double bond of the tiglate 
ester group was not brominated, the characteristic absorptions of this 
group were still present in the n.m.r •• infrared and ultraviolet spectra 
of the bromination product. The magnitude of the extinction coefficient 
in the ultraviolet spectrum was consistent with at least two atoms of 
bromine having been introduced into the molecule. 
When lithium aluminium hydride reduction was carried out on 
azadirachtin a product was obtained which was extremely polar. being only 
soluble in alcohol. and which appeared to be a mixture of at least three 
components on thin layer chromatography. Such a reduction of ester groups 
would be expected to give rise to hydroql groups, that this had occurred 
was confirmed by a broad intense absorption at 3400 am-l and only a very 
weak absorption in the carbonyl region at 1720 em -1. 
No further investigation of this reduction product was carried 
out, because its extreme polarity and general insolubility made this 
rather difficult. 
As mentioned previously early attempts to prepare an acetate of 
azadirachtin were unsuccessful. Treatment of azadirachtin with pyridine 
and acetic anhydride for two ~s at room temperature gave no reaction. 
Treatment with warm acetic anhydride and treatment with p,yridine-toluene-
acetic anhydride both shoved on thin l&Jer chromatography the formation ot 
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a major component with ~ on thin l~er chromatography less than that 
of azadirachtin, with some minor canponents. This major component was 
not pursued at this stage because supplies of azadirachtin were limited 
and it was expected that an acetate of azadirachtin would be less polar 
than azadirachtin and hence have a greater~. Treatment of azadirachtin 
with acetic anhydride-boron trifluoride etherate gave a complex mixture 
of products. 
At a later time, when more azadirachtin became available, the 
treatment with acetic anhydride was repeated on a larger scale. 
Azadirachtin was heated under reflux with acetic anhydride for ten minutes. 
The product which was isolated by evaporation of the acetic anhydride was 
found by thin l~er chromatography to be a mixture of azadirachtin and 
another compound with lower~. The n.m.r. spectrum of this component 
at 60 MHz (fig. 17) and 100 MHz (fig. lB) clearly showed it to be a 
monoacetyl derivative of azadirachtin. The appearance of a single proton 
absorption at T4.B suggests that this is a proton on the carbon to which 
the new acetate group is attached, the absorption of this proton being in 
the complex absorption at T5.3 in the spectrum of azadirachtin. The singlet 
at T4.4 in the spectrum of azadirachtin which has been tentatively assigned 
to the proton of a hemi-acetal (21) or acetal (28) system is not shifted 
in the spectrum of the acetylated product. If a head-acetal S18tem is 
present acetylation of the secondary hydroxyl group would be expected to occur 
readily, as in the case of melianonej it is clear that since the single 
proton absorption is not shifted, that such acetylation has not taken 
place. Therefore this tends to rule out the possibility of the hemi-acetal 
3 
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system being present. 
The expected molecular weight of acetyl-azadirachtin is 762, 
an ion ot this mass is not observed in the mass spectrum; the ion of 
highest mass being m/e 744. All the ions above m/e 500 can be accounted 
tor by loss of fragments which have alrea~ been identitied in the 
structure. The loss ot 83 mass units corresponds to the loss ot C5H70 
of the tiglate ester. 
762 
-18/ ~60 
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Although the total n\Dl1ber of protons is known it is difficult 
to exactly determine how many protons are represented by each group ot 
absorptions in the n.m.r. spectr\Dl1, only the single proton absorptions 
can be unambiguously recognised. 
It has already been mentioned that some samples ot azadirachtin 
showed a sharp absorption in their n.m.r. spectra at T ~ 4.9 which was 
exchangeable with D20. whereas with other samples this absorption was not 
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evident. It would appear from the integrated spectra of such samples, 
that the single proton doublet at T4.95 is superimposed over a broad 
single proton absorption. It is probable that this absorption is due 
to the second hydroxyl group and that traces of acid in some of the 
samples cause the broad absorption to became sharp. 
Spin decoupling of the n.m.r. spectrum of azadirachtin at 
100 MHz (fig. 19) confirmed same of the assignments alrea~ made to the 
structure and also gave some additional information. 
The coupling of the a-proton to the 8-methyl protons 
(J = N 10Hz) of the tiglate ester group was shown by irradiation at T3.0 
and t8.25. Confirmation that the doublets at T3.6 and T4.95 (J • 3Hz) 
were coupled to each other was obtained by irradiation at T4.95. 
Irradiation of the complex absorption at t5.3 showed that it 
was coupled to the high field portion of the absorption at T7.7 and to 
a doublet at T6.7 (J • 10Hz), which varies in position with concentration. 
When the t6. 7 doublet was irradiated the extreme high field portion of the 
multiplet at T5.5 coalesced with the rest of the multiplet. 
On irradiation at T7.7 the single proton absorption at T4.5, which 
has been assigned to a proton on the carbon atom to which one of the acetate 
groups is attached, and the low field component ot the T5.3 multiplet 
became sharp singlets. This indicates that each ot these absorptions is 
due to a proton on a carbon atom adjacent to a methylene group. 
When the absorption at t4.5 was irradiated a similar change was 
observed in the appearance ot the absorption at T7.7 as when the T5.3 
absorption was irradiated suggesting that the protons due to the 
Spin-decoupling of' the lOOl-lliz. H.r-f.R. Spectrum of' 
Azadirachtin 
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absorptions at T4.5 and T5.3 are coupled to the same methylene group. 
Such a system was put forward to explain the formation of an aB-
unsaturated ketone when detigloyl-dihydro-azadirachtin was oxidized. 
This would mean that the proton absorbing at T5.3 is on the carbon 
atom to which the tigloyl group is attached. 
The appearance of the two proton absorption at T5.9 in the 
100 MHz (fig. 2) and 60 MHz spectra (fig. 1) suggested that it consists 
of two overlapping doublets (J = 9 Hz, in each case). This was clear 
from the 100 MHz spectrum of the acetate of azadirachtin (fig. 18) 
because here the doublets were completely separated. The low field 
doublet was found to be coupled to an absorption obscured by the methyl 
ester absorptions. No coupling was found for the high field doublet. 
The following absorptions in the n.m.r. spectrum have been 
definitely assigned. 
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No. of protons 
0 
II 
H ",C-O-
- ..... T3.0 multiplet C=C 1 
'" , H3C CH3 
T3.6 doublet :0 1 
- 0 
T4.55 unresolved triplet Aco-'cH 1 /-
T4.9~ doublet Hrt 1 
H 0 
0 
II 
T6.25 singlet CH3OC- 3 
0 
" T6.35 singlet CH3OC- 3 
T6.8-1.l broad singlet -OH 1 
0 
II 
'(8.05 singlet CH3C-0 3 
0 
II 
t8.l singlet CH3C-0 3 
t8.2 singlet H3C, eHa cac" 3 
H'" 'C-O-
" 0 
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In addition to these definite assignments the following 
tentative assignments have been made. 
singlet 
-OH 
, 
CH-O Tigloyl 
,,-
"- CH-OH 
/ 
" 7~ 
TgO-CH 
" 
OAc 
I 
CH .... 
1 
1 
1 
1 
2 
Therefore a total of 15 protons remain to be accounted for, 
of these the absorptions between T5.0-7.0 must be due to approximatelY 
eight protons on carbon atans adj acent to oxygen atans. It is not 
possible to say whether the singlet at T8.3, obscured by the tiglate 
ester absorption represents two or three protons. If it is due to a 
methylene group the adjacent carbon atoms must be fully substituted, 
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because no coupling is observed. If it is due to a methyl group, the 
methyl group is considerably deshielded. Such deshielding would be 
possible if the methyl group were on a double bond, tetrasubstituted 
so that no coupling is observed. This double bond would have to be 
resistant to both oxidation and hydrogenation. Alternatively the 
deshielding could be caused by oxygen atoms adjacent to the carbon atom 
to which the methyl group is attached. 
It is clear from the n.m.r. spectrum that azadirachtin does 
not bear any close resemblance to the limonoids and triterpenoids already 
isolated from neem. which are described in the Introduction. All of these 
compounds contain angular methyl groups which show absorptions between 
TB.5 and T9.3; the n.m.r. spectrum of azadirachtin does not show any 
singlet absorptions in this region. 
Azadirachtin. C35H440l6' is considerably more highly oxygenated 
than any of the triterpenoids and limonoids isolated from neem. It is 
possible that this compound maJ represent a further stage along the 
biogenetic pathway of increasing oxygenation. 
The molecular formula. C35H440l6' has fourteen double bond 
equivalents of which six are accounted for by the acetate. methyl ester 
and tiglate ester groups. The skeleton therefore has eight double bond 
equivalents. two are accounted for by the dihydrofuran ring. leaving six 
yet to be accounted for. 
The structural features so far identified in azadirachtin 
account for the greater proportion of the atoms of the molecular formula. 
C35H440l6. Since no close relationship appears to exist between 
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azadirachtin and the limonoids and triterpenoids of Meliaceae53 and 
because this is a very complex molecule with many functional groups, 
much further work is necessary to arrive at the total structure. 
Work is being carried out by Haskell and Mordue54 on the 
physiological effect of azadirachtin on the desert locust (Schi8tocerca 
gregaria) and the site of the chemoreceptors which sense the molecule. 
In this work the level of activity of azadirachtin has been confirmed 
under similar experimental conditions. 
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EXPERIMENTAL 
General Procedures 
Pyridine was purified by distil1ation fram potassium 
hydroxide pellets. 
Melting points were determined on a Kofler hot stage 
apparatus. 
Infrared absorption spectra were recorded on a Perkin 
Elmer 257 grating spectrophotometer. 
Ultraviolet absorption spectra were recorded on a Unicam 
S.P.700 spectrophotometer using 1 em. cells and commercial 95% ethanol 
as solvent. 
Unless otherwise stated nuclear magnetic resonance (n.m.r.) 
spectra were recorded in deuterochlorotorm on a Perkin Elmer RlO 60 MHz 
instrument and are quoted as • tau • (T) values traa an internal tetra-
methyl- silane standard. Acc\Dllulated n.m.r. spectra were obtained using 
a Jeol JRA.l spectrum accumulator in conjunction with the Perkin Elmer 
RlO instrument. 
Unless otherwise stated mass spectra were determined on a 
Hitachi-Perkin Elmer RMU.6 instrument. 
Chraaatography 
Benzene used in chromatography was dried over so41\ll and the 
the ether used in chromatography was dried over calcium chloride. 
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Woelm alumina deactivated by the addition of water was used 
in column chromatography. 
Thin layer chromatography (t.l.c.) was carried out on 
5 x 20 em. glass plates coated with silica gel G (Merck). The solvent 
was allowed to run 10 em. up the plate. Components were visualised 
with iodine vapour. 
Preparative thick layer chromatography (P.L.C.) was carried 
on 20 x 20 em. and 40 x 20 em. glass plates coated with a 1.5 mm. layer 
of Kieselgel PF254 (Merck). The separated components, visualised under 
ultraviolet light, were isolated by scraping off the silica and then 
extracting it exhaustively with warm methanol either by eluting in a 
column or swirling with several portions of methanol in a flask. The 
filtered methanol solution was then evaporated, leaving a residue which 
contained some silica. The residue was dissolved in chloroform. the 
chloroform solution was filtered and evaporated. 
Feeding Tests 
Tests for antifeeding activity were carried out on mid-fifth 
instar hoppers of the desert locust (SchistocBroa ~Bgaria). Hoppers 
which had last been fed 24 hours previously were divided into groups ot 
four insects in kilner jars arranged around alight source. each group ot 
insects was presented with two 5.5 em. Wbatman Ho. 1 tilter papers which 
had been impregnated with test solution allowed to dry and then spr8fed 
with 0.25M sucrose solution and allowed to dry again. Each t~e a test was 
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carried out one group of insects was presented with filter paper 
impregnated with sucrose only, to act as a control. The test papers 
supported in corks were left with the insects for about eight hours. 
The results are quoted as the weight of test paper eaten expressed as 
a percentage of the weight of sucrose control paper eaten. The weight 
of sucrose control eaten was normally in the range of 100 - 300 mg. 
The concentration of the test solutions ot the extracts in 
the early part of the work are expressed in ter.ms of the weight ot 
seeds from which each fraction is derived. 
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Preliminary Examination of Neem Seeds for Antifeeding Activity 
i) The Effect of Different Solvents in the Extraction of the Kernels 
Kernels of neem seeds (17.5 g.) (from a Nigerian source) were 
extracted in turn with water (50 ml.), 95% ethanol (50 ml.) and light 
petroleum (b.p. 60_800 , 50 ml.), the resulting solutions were tested 
for locust antifeeding activity, at the original concentration and 
diluted to a tenth of the original concentration, none of the test papers 
were eaten. 
ii ) Extraction of the Shells 
Shells of neem seeds were extracted with 95% ethanol in a 
Soxhlet apparatus, the resulting solution was found to be active in 
the feeding test. 
iii) Volatility 
Kernels of neem seeds (110 g. from an Indian source) were ground 
with water (300 ml.) in a mortar. the solution was filtered and evaporated 
at atmospheric pressure leaving a light brown powde17 residue (8.7 g.) and 
a colourless distillate (250 ml.). 
The kernels were further extracted in a Soxhlet apparatus with 
95% ethanol (100 ml.). The ethanol solution was evaporated lean .. a 
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dark brown sticky residue (3.5 g.) and a colourless distillate (60 ml.). 
The kernels were then further extracted with light petroleum 
(b.p. 8D-IOOo. 150 ml.) in a Soxhlet apparatus. The light petroleum 
was evaporated leaving a yellow-brown oil (12.6 g.) and a colourless 
distillate. The results of feeding tests on the residues and distillates 
are shown below. 
Concentration Aqueous Ethanol Light Petroleum 
of test soln. res. dist. res. dist. res. dist. 
5 g. kernels/l 0% 34% 0% 169% 
3. 3g. kernels /1 0% 36% 0% 80% 0% 192% 
1 g. kernels/l 0% 190% 0% 60% 
iv) Extraction by Percolation 
Kernels of neem seeds (95 g. from an Indian source) were ground 
and packed into a glass column filled with 95% ethanol. Ethanol was 
percolated through the column until extraction was complete. The green 
ethanol solution was evaporated leaving a dark brown oily residue 
(I. 6.9 g.) 
The kernels from the ethanol extraction were ground with water 
in a mortar, the solution was filtered and evaporated leaving a light 
brown solid residue (5.2 g.) 
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Extraction of the kernels in a Soxhlet apparatus with 95% 
ethanol for four hours gave a brown solution which on evaporation 
yielded a brown sticky residue (1.7 g.). 
Further extraction of the kernels with light petroleum 
(b.p. 80_1000 ) in a Soxhlet apparatus for a few hours, gave on 
evaporation of the light petroleum a yellow oil (14.7 g.). 
v) Solvent Partition 
Attempted partition of the ethanol extract (I) between 
chloroform and water and between n.butanol and water resulted in the 
tormation of emulsions which could not be broken by the addition ot 
methanol. However partition between light petroleum and methanol 
containing 5% of water resulted in the formation ot two clear l~ers. 
The ethanol extract (I, 6.9 g.) was dissolved in methanol 
containing 5% by volume of water and light petroleum (b.p. 80-1000 , 
50 ml.) giving a dark brown methanol layer and a green-Y'ellov light 
petroleum layer. The layers were shaken together and allowed to 
separate. The methanol was evaporated leaving a sticky residue which 
on pumping (0.1 mmHg) became a light brown solid (II, 3.2 g.). The light 
petroleum was evaporated leaving a Y'ellov oil (III, 1.8 g.). 
The extracts (II) and (III) were tested tor antiteeding 
activitY' with the following results. 
II 
III 
1 g. seedsll 
0% 
0% 
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0.66 g. seedsll 
0% 
50% 
vi) Chromatography on Alumina 
0.5 g. seeds/l 
0% 
142% 
A column ot alumina (activity III, 100 g.) was made up in 
light petroleum (b.p. 60_800 ), the solid residue (II) was put onto the 
top ot the alumina and the column was eluted as shown in the table 
below, the tractions eluted were arbitrarily divided into 11 groups. 
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Group Fractions Range of Eluting Solvents Weight 
(100 ml.) g. 
1 Light petroleum (b.p. 
60_800 ) 0 
1 2 - 8 Light petroleum: benzene 0.121 
(9:1) - benzene 
2 9 - 20 Benzene: ether (9:1) - ether 0.272 
3 21 Ether: methanol (9:1) 0.007 
4 22 - 23 Ether: methanol (4:1) 0.024 
5 24 - 28 Ether: methanol (7:3) - ether: 0.019 
methanol (2:3) 
6 29 - 31 Ether: methanol (3:7) 0.033 
- ether: methanol (1:9) 
7 32 - 35 Methanol 0.068 
8 36 - 38 Methanol 0.149 
9 39 - 44 Methanol 0.302 
10 44 - 54 Methanol 0.058 
11 54 - 61 Methanol 0.067 
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The groups of fractions were tested for anti-feeding 
activity, the results are shown below. 
Eluent Concentration g.seeds/l 
group. 6.6 3.3 1.7 1.1 
1 112% 76% 
2 0% 19% 0% 
3 0% 13% 0% 
4 0% 60% 0% 
5 0% 0% 0% 
6 0% 0% 63% 
7 0% 0% 
8 0% 50% 
9 4% 100% 
10 177% 
11 60% 
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The Standard Extraction Procedure 
Whole neem seeds (500 g.) were ground with 95% ethanol 
(625 ml.) in a Waring blendor, the residue of the seeds was filtered 
off and treated with a further quantity of ethanol (500 ml.) in the 
blendor. The yellow-green solution was evaporated leaving an oily 
green residue containing some brown solid. This residue was 
partitioned between aqueous methanol (5:95, 150 ml.) and light 
petroleum (b.p. 40_600 , 150 ml.). The two layers were separated and 
the light petroleum was extracted with more aqueous methanol (50 ml.). 
The combined methanol extracts were evaporated leaving a brown sticky 
residue (IV, 17. 8g. ) • The light petroleum was evaporated leaving a 
yellow-green oil (14.3 g.) which was discarded. 
Experiments Directed to the Isolation ot the 
Antifeeding Component 
i) Chromatography on Alumina 
A portion ot the methanol partition residue (IV. 5 g.) vas 
redissolved in methanol (30 ml.), to this was added alumina (5 g.) and 
the methanol was evaporated leaving a lumpy residue. A 811&11 amount ot 
Kieselgel was added and the mixture was mixed to a aaooth paste vith 
methanol, this vas then evaporated (0.1 JIIIIIHg.) learing a povde17 residue. 
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This residue was put onto a column of alumina (activity III, 100 g.) 
made up in light petroleum and the column was eluted as shown in the 
table below. A portion of each fraction {500 ml.} eluted was diluted 
75 times and tested for antifeeding activity. 
Fraction Eluting Solvent Feeding Test 
1 Benzene 98% 
2 Benzene-methanol (9:1) 0% 
3 " " (4:1) 58% 
4 " " (7:3) 80% 
5 " " (3:2) 125% 
6 " It (l:l) 106% 
7 " It {2:3} 44% 
8 " It (3:7) 29% 
9 " " {1:4} 93% 
10 " " (1:9) 14% 
11 Methanol 81% 
12 Methanol 83% 
Fraction 2 was evaporated leaving a light yellow glassy 
residue (V, 1.5 g.), a portion of this residue (1.0 g.) ... chroJllatographed 
on a column of alumina (activity III, 25 g.). The table below shows the 
fractions collected with the results ot the tests tor antiteeding actiYit7. 
Fraction 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Eluting solvent 
(100 ml.) 
Benzene 
Benzene-ether (9:1) 
" " (4:1) 
" " (7:3) 
" " (3:2) 
" " 
(1:1) 
Ether 
Ether-methanol (9:1) 
" " (4:1) 
" " (7:3) 
" " (3:2) 
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Weight of 
fraction g. 
0.199 
0.215 
0.077 
0.077 
0.080 
0.062 
0.037 
0.097 
0.044 
0.029 
0.015 
ii) Large Scale Chranatography on Alumina 
Each traction dissolved in 
50 ml. methanol and diluted: 
20 times 200 times 500 times 
102% 189% 69% 
72% 85% 49~ 
75% 137% 63% 
37% 50% 84% 
0% 34% 34% 
0% 17% 103% 
0% 0% 83% 
0% 0% 0% 
0% 65% 101% 
0% 135% 82% 
20% 112% 
Heem seeds (880 g.) were extracted as described in the Standard 
Extraction Procedure. The sticq brown solid (34 g.), obtained trail the 
methanol phase, was absorbed onto Kieselgel (28 g.) and alumina in the 
wtq described in the previous section, this vas then put onto the top of 
a column of alumina (activity III, 550 g.) .ade up in benzene and the 
column vas eluted exhaustively with benzene-methanol (9:1) (2250 al.). 
Evaporation of the eluent gave a yellow solid (VI, 11.5 g.). 
A portion of this residue (VI, 5 g.) vas turther chrau.tographed 
on a column of alumina (activity III, 100 g.). The tractions obtained and 
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the results of feeding tests are shown in the table below. 
Each fraction dissolved in 
50 ml. methanol diluted: 
Eluting solvent Weight of' 100 1,000 10,000 
Fraction (500 ml.) fraction g. times times times 
1 Benzene 1.87 
2 Benzene-ether (9:1) 0.55 
3 tr tr (4:1) 0.55 180% 
4 tr tr (7:3) 0.25 109% 
5 " " (3:2 ) 0.20 70% 
6 " 
tr (1:1) 0.12 75% 
7 Ether 0.01 162% 
8 Ether-methanol (9:1) 0.25 0% 0% 73% 
9 " " (4:1) 0.13 0% 73% 52% 
10 " " (7:3) 0.11 56% 
11 " " (3:2) 0.01 
12 " " (1:1) 0.01 
13 Methanol 0.01 
iii) Isolation of' Nimbin 
Crystallization of fraction 1 trom 95% ethanol gave nimbin as a 
colourless microcrystalline solid m.p. 178-1800 (0.35 g.). Three successive 
recrystal1izations from ether raised the m.p. to 198-2010 (lit~5m.p. 2050 ). 
The infrared spectrum was identical with that ot a sample ot nimbin 
provided by Dr~ Narasimhan (Found: C 66.7; H 7.03. Calc. tor C30H3609: 
C 66.7; H 6.7). The sample on t.1.c. in benzene-acetone (4:1) showed an 
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intense spot ~ 0.49 with a faint spot ~ 0.34, the sample provided 
by Dr. Narasimhan showed an intense spot ~ 0.49 with two faint spots 
~ 0.34 and 1]. 0.20. 
iv) Chromatography of the Ether-methanol (9:1) Fraction on Florisil 
The ether-methanol (9:l) fraction (fraction 8 above) was 
chromatographed on a column of florisil (10Q-200 mesh, 10 g.) eluting 
successively with benzene, benzene-ether mixtures, ether, ether-ethyl 
acetate mixtures, ethyl acetate, ethyl acetate-methanol mixtures and 
methanol. The fractions collected were evaporated and dissolved in 
methanol (50 ml.), a portion of each solution was diluted 50 times with 
methanol and tested for antifeeding activity. All the fractions eluted 
by ether-ethyl acetate mixtures were found to poaaess activity. 
The ether-ethyl acetate fractions were combined (62 mg.) and 
subjected to P.L.C. eluting six times with ether-acetic acid-acetone 
(98:1:1). Three bands were separated, these gave colourless brittle 
solids, (VII) ~ 0.22 (2.0 mg.) (VIII) ~ 0.18 (2.7 mg.) and (IX) a, 0.10 
(0.2 mg.) on t.l.c. in ether-acetic acid acetone (96:1:1). 
Each of these fractions was dissolved in chlorotorm (5 al.) and 
a portion of each solution was tested for antifeeding activity atter 
diluting with methanol, the results are shown below. 
VII 
VIII 
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Chloroform solution diluted with methanol 
100 times 500 times 1000 times 2000 times 4000 times 10,000 times 
0% 
0% 
0% 
0% 
0% 
29% 
2% 
114% 
119% 76% 
IX 103% 
v) Isolation of Azadirachtin 
The remainder of the benzene-methanol (9:1) fraction obtained 
above was chromatographed on a column of alumina (activity III, 120 g.) 
as before, the fractions collected are shown in the table below. 
Fraction Eluting solvent Weight 
(500 ml.) g. 
1 Benzene-ether (l:l) 3.607 
2 Ether 0.624 
3 Ether-methanol (9:1) 0.401 
4 n n (4:1) 0.204 
5 " 
n (1:3) 0.086 
6 n It (3:2) 0.128 
1 Methanol 0.041 
Fractions 2, 3 and 4 all showed on t.l.c. cCIIlponents with Il-
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values in the region of the active material (VII), traction 3 appeared 
to have this component in the greatest proportion. Fractions 2, 3 and 
4 were each dissolved in methanol (10 ml.) and portions of these 
solutions diluted 250 times were tested for antifeeding activity, all 
were active. 
P.L.C. of fraction 3 (300 mg.) eluting six times with ether-
acetic acid-acetone (98:1:1) gave three bands with an intense band at 
the origin and considerable streaking between the bands. 
The upper band gave a colourless brittle solid (X 35 mg.) 
m.p. 148-1580 • A (EtOH) 218 nm. El
l % 142. v (KBr. disc) 
max. em. max. 
3460 (broad) 1740 (strong), 1710 (shoulder), 1650 (weak) and 1620 cm-l 
(weak). v (CC14) 3460 (broad), 1745 (strong), 1720 (shoulder). max. 
1710 (shoulder). 1655 (weald and 1625 cm-l (weak). This material on 
t.l.c. eluting three times with chlorofor.m-ethyl acetate (1:1) shoved a 
single component R 0.25 identical with fraction (VIII) run on the same 
plate. The name aaadirachtin was given to this compound. 
The middle band gave a colourless brittle solid (XI. 20 III.) 
m.p. 148-1510 • A (EtOH) 213 nm. Ell% 61. v (KBr disc) max. em. max. 
3470 (broad), 1730 (strong) 1650 (wealt) ~d 1620 cm-l (weak). This 
material was found to be inhomogeneous. on t.l.c. eluting three times 
with chlorofor.m-ethyl acetate (1:1) the traction showed two cClllpOnents 
the major one R 0.20 and the minor R 0.25 corresponding to azadirachtin. 
Solutions of 1 mg. of azadirachtin (X) in 10 al •. ot chlorotorm 
and of 6.0 mg. of the middle component (XI) in 10 Ill. ot chlorotorm were 
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each diluted 250 and 500 times with methanol; these solutions were 
tested for antifeeding activity, all of them showed activity. 
Modified Procedure for the Isolation of Azadirachtin 
i) Methylene Chloride-Water Partition 
Heem seeds (1000 g.) were extracted using the Standard 
Extraction Procedure. The sticky brown residue (39 g.) from the methanol 
phase was partitioned. between water (400 ml.) and methylene chloride 
(400 al.), the layers were shaken together and the aqueous layer became 
emulsified. The clear methylene chloride layer was separated and the 
aqueous layer was shaken with more methylene chloride (100 al.) and 
left for two hours, the aqueous layer remained emulsified. The clear 
methylene chloride layer was separated and the combined methylene 
chloride extracts were evaporated to a smaller volume ( IV 100 Ill.). The 
residue obtained on evaporation ot the aqueoua layer on t.l.c. in ether-
acetic acid-acetone (98:1:1) showed. an intense spot at the origin with 
a faint streak to the solvent front. The methylene chloride solution 
was poured into light petroleum (b.p. 60-80°, 500 Ill.) with stirring, a 
yellow precipitate was formed. which was filt~red off (XII, 18.3 g.). 
Evaporation ot the light petroleum gave a y-ellov oil which on t.l.c. in 
ether-acetic acid-acetone (98:1:1) shoved o~ a taint streak trca the 
origin with most of the material between R, NO.5 and the lolvent tront, 
whereas the precipitate showed a component a, 0.2 corresponding to 
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azadirachtin with a number of less polar components. 
ii) Chromatography 
Chromatography of the precipitated solid (XI 5.3 g.) on 
alumina (activity III, 100 g.) eluting with benzene, benzene-ether, 
ether and ether-acetone was shown to have achieved no efficient 
separation., 80 the fractions were recanbined (2.0 g.) and chranatographed 
on a column of B.D.H. silica gel (60 g.), the fraction (1.2 g.) eluted 
by benzene (300 ml.) contained material in the range of ll- of 
azadirachtin and was further chromatographed on a column of florisil 
(10Q-200 mesh, 22 g.) and the following fractions were collected. 
Fraction Eluting Solvent Weight 
(50 ml.) JIg. 
1-5 Benzene 27 
6-21 Benzene-ether (9:l) 251 
22-33 Benzene-ether (4:1) 120 
34-44 Benzene-ether (7:3) 152 
45-47 Benzene-ether (3:2) 7 
48-49 Benzene-ether (1:1) 1 
50-55 Ether 25 
56-63 Ether-acetone (9:1) 86 
The fractions were subjected to t.l.c. using ether-acetic 
acid-acetone (98:1:1) as the development solvent, tractions 10 to 50 
showed components Rr 0.3 and RF 0.24 (azadirachtin) the J4ter h"acti0D8 
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contained the greater proportion of azadirachtin. 
P.L.C. of tractions 30 to 50 (142 mg.) eluting tvice vith 
ether-acetic acid-acetone (98:1:1) gave tvo bands. The lover more 
intense band gave a colourless residue (XIII. 55 mg.) shown to be 
identical with azadirachtin by infrared spectroscopy and t.l.c. 
a, 0.24 in ether-acetic acid-acetone (98:1:1) a, 0.15 in ether-
acetone (49&1) • The less intense upper band gave a colourless glassy 
material (XIV. 10 mg.) a, 0.3 in ether-acetic acid-acetone (98:1:1). 
The two components were tested for antifeeding activity as shown belove 
XIII (azadirachtin) 
XIV 
0.35 mg. ot ccaponent dissolved 
in 100 ml. methanol diluted: 
o times 
0% 
35% 
10 times 
0% 
54% 
50 times 
0% 
Standard Procedure tor the Isolation ot Azadirachtin 
leem seeds (2 kg.) were ground vith 95% ethanol (2.5 1.) in a 
Waring blendor. The solution vas tiltered and the residue ot the 8eeds 
vas ground with more 95% ethanol ( 2 1.) and the 801utioD vas tiltered. 
The combined ethanol extracts were evaporated leaving an o.ily residue 
(110 g.) vhich vas partitioned betveen light petrolelll (b.p. ~60°. 800 Ill. 
- 88 -
and aqueous methanol (5:95. 800 ml.). The layers were separated and 
the light petroleum was washed with more aqueous methanol (5:95. 
200 ml.). The combined methanol extracts were evaporated leaving 
a dark brown sticky residue (76 g.). this was treated with warm 
toluene ( tV 300 ml.) and the resulting dark brown solution was 
chromatographed on a column ot Floridin earth (BOH Florex XXS. 950 g.). 
made up in toluene. eluting with ether-acetone (95:5). The tollowing 
tractions were collected: 
Fraction Weight g. Fraction Weight g. 
(200 ml.) (200 ml.) 
1 9.63 14 0.30 
2 6.58 15 0.27 
3 3.69 16 0.37 
4 3.10 17 0.24 
5 2.79 18 0.37 
6 2.85 19 0.30 
7 1.59 20 0.3l 
8 0.87 21 0.18 
9 0.82 22 0.19 
10 0.46 23 0.12 
11 0.41 24 O.ll 
12 0.35 25 O.ll 
13 0.23 26 0.09 
On t.l.c. in ether-acetone (4:1) tractions 1-9 showed component. at 
17 0.73. 0.65. 0.56 and 0.50. Fractions 10-14 showecl the major ccaponent 
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at ~ 0.45, traction 14 appeared to contain same azadirachtin 
R, 0.42. Fractions 15-25 contained azadirachtin R, 0.42 as the 
major component, this was contir.med by n.m.r. spectroscopy. 
Fractions 15-25 were combined (2.57 g.) and subjected to 
P.L.C. on ten 40 x 20 em. plates eluting twice with ether-acetone 
(95: 5). The intense band 5 em. trom the origin gave azadirachtin 
(1.51 g.) m.p. 149-1530 • 
Azadirachtin 
The R, values ot azadirachtin in various solvents are listed 
below. 
R, 
Ether-acetone-acetic acid (98:1:1) 0.22 
Ether-acetone (49:1) 0.15 
Ether-acetone (4:1) 0.50 
Ethyl acetate 0.60 
Chlorotor.m-acetone (7:3) 0.40 
Azadirachtin was insoluble in light petroleum, virtual.l.T 
insoluble in ether, slightly soluble in benzene and carbon tetrachloride 
and soluble in chloroform, methanol, ethanol and acetone. Atteaptl to 
cl'1stallize azadirachtin were not vel'1 luccel.tul, with carbon tetrachloride 
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it was possible to crystallize azadirachtin as a fine powder 
Infrared Spectrum 
v (CC14) 3460 cm-
l (broad), 1745 (strong), 1720 (shoulder), 
max. 
1710 (shoulder), 1655 (weak) and 1625 em-l (weak). 
Ultraviolet Spectrum 
;\ 217 nm. £ 9200 (assuming M.W. 720) 
max. max. 
N.M.R. Spectrum 
The n.m.r. spectrum was recorded at 60 MHz and 100 MHz. These 
are shown in fig. 1 and fig. 2. 
Mass Spectrum 
The mass spectrum was first recorded on the M.S. 9 instrument 
at the Shell Laboratory for Chemical Enzymology. The highest peak of 
any significance was at 642, the accurate mass of this peak was measured and 
the molecular formula C29H3S0l6 was assigned. However an error vas 
discovered and the molecular formula vas corrected to C33H3S013' also a 
number of other significant peaks vere measured accurately. 
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m/e Measured Mass Formula 
642 642.229824 C33H38013 
627 627.208563 C32H35013 
611 611.211973 C32H35012 
560 560.222681 C29H36011 
560 560.189327 C28H32012 
559 559.217213 C39H35011 
527 527.191153 C28H31010 
475 475.160267 C24H27010 
233 233.080891 C13H1304 
131 131.049647 C9H70 
131 131.085669 C10H11 
105 105.033788 Cf50 
105 105.069386 CaH9 
100 100.052606 C5Ha02 
83 83.049654 C5H70 
The mass spectrum of azadirachtin was recorded on a Hitachi-
Perkin Elmer RMU. 6 instrument, this showed some change over the spectrum 
recorded previously, the mle 500-700 region of the spectrum is shown in 
fig. 3. 
Optical Rotation 
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Analysis 
Repeated analysis of azadirachtin did not give consistent 
results. A sample ot azadirachtin recrystallized from carbon tetra-
chloride and dried by pumping on an oil pump at 0.1 mmHg and 1000 for 
several hours, was found to still contain same carbon tetrachloride when 
the mass spectrum was recorded. Carbon-hydrogen analysis gave C, 56.9; 
H, 6.00%. 
Analysis of a sample purified by P.L.C. gave C, 58.8; H, 6.54%. 
Antifeeding Activity 
Three separate tests were carried out at low concentration with 
the following results. 
Test Humber 
1 2 3 
n Conc • n of test sol mg./l. 
0.11 0% 
0.08 0% 0% 
0.055 0% 
0.04 0% 27% 
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Alkaline Hydrolysis of Azadirachtin to give Tiglic Acid 
Azadirachtin (30 mg.) was dissolved in methanol (1 ml.) and 
0.3N sodium hydroxide (l ml.). The solution was retlwced tor 30 minutes 
giving a light brown solution, which was cooled in an acetone-dry ice bath 
and pumped at 0.1 mmHg. for four hours. The residue was acidified with IN. 
hydrochloric acid (0.33 ml.). A small volume ot the aqueous solution was 
treated with ethereal diazomethane, prepared by treating ll-nitroscaethyl-
urea with base. The ether solution was subjected to gas liquid chrcaatography 
(g.l.c.) on a 5 ft. long. in. diameter colUlllO ot 10% polyethylene glycol 
adipate on D.M.C.S. treated support ''M" using a tlow rate ot 50 ml./min. 
At 1010 the following peaks were recorded. 
0.1 min. 
1.2 min. 
1.5 min. 
2.0 min. 
3.9 min. 
4.2 min. 
Relative Peak Heights 
ott scale 
ott scale 
100% 
8.9% 
2.2% 
89% 
Methyl tiglate prepared by treating tiglic acid with ethereal 
diazomethane showed on g.l.c. under the S&1118 conditions &DinteDIIe peak 
at 4.2 min. with two weaker peaks at 1.3 and 1.5 min. 
A solution ot diazClllethane in ether YU shakeD vi th dilute 
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hydroch~oric acid, the ether so~ution was subjected to g.l.c. under the 
same conditions as before, apart from the solvent peak, peaks were 
observed at 1.3 and ~.5 min. 
Hydrogenation of Azadirachtin 
i) At Atmospheric Pressure 
Adam's platinum cat~st (3 mg.) in glacial acetic acid (9 ml.) 
was reduced by hydrogen in a microhydrogenator, when the uptake of hydrogen 
had ceased azadirachtin (15 mg.) was added and the mixture vas shaken for 
tvo hours, no further uptake of hydrogen occurred. The solution vu 
filtered and evaporated leaving a light brown residue (11 mg.), shown to be 
unchanged azadirachtin by t.l.c. and its infrared spectrum. 
ii) At Increased }lressure 
Adam's platinlDll catalyst (20 mg.), azadirachtin (50 mg.) and 
ethyl acetate (50 ml.) vere shaken vi th hydrogen at a pressure ot 50 lbs. / 
sq.in. tor one hour. The solution vas tiltered and evaporated. The residue 
shoved on t.l.c. in ether-acetone (4:1) a component Bp 0.25 vith same 
azadirachtin IT 0.48. P.L.C. gave the major ccmponent dihIJdzto-aaadi.ztaohnn 
as a colourless glass (30 mg.) IT 0.25 in ether-acetone (4~1) a.p. 119-1220 
[aJD _150 [c 0.4 (CHC13)] Amax. 219 na. £au. 1300 (&88uaiIllM.W. 122) 
~ (CC14 ) 3450 (broad) 1140 (strong), 1710 (strong) and 1650 a.-1 (weak). max. 
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The n ••• r. and mass spectra are shown in tigs. 5 and 4. 
Preparation ot the Trimethylsilyl Ether Derivative ot Azadirachtin 
Azadirachtin (80 mg.) was dissolved in chlorotorm (1 ml.) bis-
(trimethylsilyl) acetamide (0.5 ml.) was added and the mixture was lett 
tor ten minutes. The vo1atile components were evaporated (0.1 DIIIIlIg.) 
leaving a ~ brown residue which on t.l.c. in ether-acetone (9:1) shoved 
an intense spot I7 0.66, a taint spot I7 0.50 and some azadirachtin ~ 0.27. 
The residue was subjected to P.L.C. e1uting once with ether-
acetone (9: 1) • The maJ or band was scraped ott and the si1ica was extracted 
with chlorotorm, the chlorotorm was evaporated 1eaving bia-trim.t1qJ 7,si. 't1J 't-
aaadirachtin as a colourless gl.assy residue (42 mg.), m.p. llQ-ll2o• 
Found: C. 57.3; H. 7.4% C41H60016Si2 requires C. 56.9; H. 7.0%. 
v (CC14) 3570 (weak), 1750 (strong), 1710 (strong). 1655 (weak) and max. 
1620 cm-1 (weak). The n.m.r. spectrum is shown in tig. 6. The mass 
spectrum above m/e 600 is shown in tig. 7. 
Accurate mass determination ot the molecular ion carried out by 
Dr. Williams at the Shell Laboratory tor Chemical EnzpologJ Sittingbourne 
and by the Physico-chemical Measurements Unit. Harwell, gave 86~.3~5~ and 
864.3438 respectively, errors ot 4 p.p.m. and 2 p.p ••• tra. 8~.3420 the 
calculated mass tor C41H60016Si2. 
Attempted Oxidation of Azadirachtin with Potas8ila P!l!!D§an&te 
Azadirachtin (10 mg.) was diaaved in acetone (20 al.) which 
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had been retluxed over potassium permanganate tor one hour and then 
distilled. The solution ot azadirachtin was retluxed on a steam 
bath and a solution ot potassium permanganate in acetone (1 g./l.) 
was added drop by drop until the permanganate colour persisted ( AI 20 ml.). 
The solution was concentrated by evaporation and a solution ot sodium 
bisulphite in dilute hydrochloric acid was added, the solution became 
colourless; this solution was then extracted with ethyl acetate, which 
was then washed with water and evaporated leaving a yellow residue. The 
residue on t.l.c. in ether-acetone (4:1) showed two elongated spots at 
R, 0.06 and IT 0.15, with streaking to IT 0.6. The residue was esteritied 
by dissolving in chlorotorm and treating with ethereal diazomethane. The 
product on t.l.c. in ether-acetone (4:1) showed no definite spots but a 
streak trom the origin to the solvent front. 
OzonobYsis ot Azadirachtin 
Ozonized air was bubbled through a solution of azadirachtin 
(78 mg.) in ethyl acetate (50 ml.) at a temperature betveen -20 and _300 
tor ti ve minutes. Adam' B platinum catalyst (30 mg.) vas added to the 
solution which was then stirred in an atmosphere of hJdrogen at 00 until 
no more hydrogen was taken up. The solution was filtered and eTaporated 
leaving a colourless residue (79 mg.) which on t.l.c. in ether-acetone 
(4:1) showed a streak tran the origin to R, 0.2. The n ••• r. spectra vas 
recorded and is shawn in fig. 8. The residue, which had an odour rea_bling 
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that of a low molecular weight carboxylic acid, was pumped at 0.1 mmHg. 
for ten hours. Now the residue on t.l.c. no longer appeared streaked 
but showed components at Bp 0.08, Bp 0.15 and ~ 0.24. The residue 
was subjected to P.L.C. eluting with ether-acetone (95:5), however no 
distinct bands were visible, the product appeared as a streak from the 
origin to Bp 0.25. 
Oxidation of Azadirachtin with the Lemieux Reagent (Sodium 
Metaperiodate-Potassium Per.manganate) 
Azadirachtin (57 mg.) was dissolved in t-butanol (20 ml.) and 
water (30 ml.) and the pH was adjusted to 7.7 with sodium carbonate. A 
solution of 98.33 ruM. sodium metaperiodate and 1.67 mM. potassium 
permanganate (20 ml.) was added and the mixture was left at roam 
temperature for one hour. The solution was then acidified with dilute 
hydrochloric acid and extracted with chloroform. The chlorotorm was washed 
with water and evaporated leaving a colourless residue (0.61 g.) v (CHC13) max. 
3450 (broad), 3500-2500 (very broad). 1730 cm-l (strong). The ~m.r. 
spectrum is shown in tig. 9. On t.l.c. in ether-acetone (4:1) the product 
showed an elongated spot at the origin characteristic of a carboX11ic acid. 
This residue was dissolved in chlorotorm and treated with 
ethereal diazomethane at 00 , the solvent was evaporated leaving a colourless 
glassy residue which was not hanogeneoua. on t.l.c. in ether-acetone (4:1) 
it showed spots ~ 0.40 and 0.56 with streaking; in chlorofor.m-acetone (1:1) 
it showed a diffuse spot ~ 0.52 and in ethyl acetate it showed streaking 
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with spots at RF 0.6 and 0.76. vmax• (CHC13 ) 3420 (broad), 1730 (strong), 
and 1620 cm-l (weald. The n.m.r. spectrum showed an increase in 
absorption at T6.3 and T8.4 as compared to the spectrum ot the oxidation 
product. There was no absorption at T7.5 but the T2.2 absorption was 
still present. 
Hydrolysis ot the Lemieux Oxidation Product of Azadirachtin 
The Lemieux oxidation product (146 mg.) was dissolved in 
methanol (18 ml.) and an aqueous solution of potassium bicarbonate 
(450 mg. in 9 ml.) was added. Atter 24 hours the solution was acidified 
and extracted with chloroform. the chloroform was waahed with water and 
evaporated leaving a residue which was esterified with ethereal 
diazomethane. The product on t .1. c. in ether-methano1 (9: 1) showed 
three components ~ 0.2, ~ 0.29 and ~ 0.55 with considerable streaking 
between. The mixture was subjected to P.L.C. eluting three times with 
ether-methanol (49: 1), three components were isolated. The aidcUe 
component was a colourless glass (16 mg.), on t.l.c. eluting three times 
with ether-methanol (49:1) R 0.35. Its n.m.r. spectrum shoved an intense 
absorption at T6.3 in the methyl ester region, one acetate group had 
apparently been lost and there was an abso!');)tion at '(8.1. The upper 
cClllponent (9 mg.) R 0.40 eluting three times with ether-aethano1 (49:1) 
and lower component (3 mg.) R 0.30 in the SUle solvent s:rat_ both had 
n.m.r. spectra very similar to that of the major cCllpODeDt. 
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Attempted Oxidation of Azadirachtin with Cornforth's Reagent 
(Chromium Trioxide-Pyridine) 
Cornforth's Reagent was prepared by adding a solution of 
chromium trioxide (5 g.) in water (3 ml.) to pyridine (50 ml.) cooled 
in ice. 
Azadirachtin (10 mg.) was dissolved in pyridine (0.05 al.) and 
Cornforth's reagent (0.25 ml.) was added. After two days water was 
added and the solution was extracted with chloroform. the chloroform 
was washed with water and evaporated. The residue (6 mg.) on t.l.c. in 
ether-acetone (4: 1) shoved a spot corresponding to azadirachtin and an 
intense spot at the origin, corresponding to impurity ot the reagent. 
Oxidation of Dihydro-aZadirachtin with the Lemieux Reasent 
(Sodium Metaperiodate-Potassium Per!!Dganate) 
Dihydro-azadirachtin (98 mg.) was dissolved in t-butanol (30 al.) 
and water (40 JIll.); sodium carbonate was added to gift & pH ot about 
1.1 followed by a solution of 98.33 JaM sodium aetaperiodate and 1.61 ..c 
potassium permanganate (30 al. ). The mixture was lett tor 15 minutes and 
extracted with chloroform. The chloroform was vaahed vi th vater and 
evaporated leaving a colourless glassy residue (0.090 g.) which on t.l.c. 
in ether-acetone (4:1) showed a major component Bp 0.19 with same starting 
material ~ 0.29. 
This residue was subjected to P.L.C. e1utins twice with ether-
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colourless solid (21 mg.) m.p. 147-1500 • ~ Ether-acetone (~:1) 0.19 
v 3440 (broad), 1740 (strong), 1720 cm-l (shoulder) A 227 nm. 
max. max. 
E 1500. The n.m.r. spectrum is shown in tig. 10. The mass spectrum 
max. 
showed signiticant ions beyond m/e 500 at 692 (1), 660 (7), 649 (14), 
632 (13), 617 (3l), 605 (10) 589 (40), 575 (26), 561 (16), 547 (100), 
and 537 (34). (Abundance relatiTe to m/e 547). 
Found: C, 56.6; H, 6.31. C33H42017 requires C, 55.8; H, 5.9%. 
Hydrolysis ot Detiglgrl-pyruvyl-diSrdro-azadirachtin 
A crude sample of detigloyl-pyruvyl-dibydro-azadirachtin 
(42 mg.) was dissolved in methanol and saturated sodium bicarbonate solution 
was added. Atter ten minutes the solution was extracted with chloroform, 
the chlorotorm was washed with water and evaporated leaTing a colourless 
residue (34 mg.) which on t.l.c. in ether-acetone (4:1) shoved the maJor 
component to be starting material ~ 0.19, a spot at R, 0.26 corresponding 
to the impurity in the starting material and a new cauponent R, 0.10. 
The residue was treated under the same conditions tor a turther 
hour, the material obtained on evaporation of the chlorotorm extract shoved 
on t.l.c. in ether-acetone (4:1) the new caaponent Rr 0.10 &8 the major 
spot with the minor components corresponding to starting material and 
starting material impurity. The n.m.r. spectrum ot the residue shoved 
that the absorption at 't7.5 was considerab17 les8 intense than in the 
spectrum of detigloy1-pyruvyl-dibydro-azadirachtin (tig. 10). 
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The hydrolysis mixture was sUbJected to P.L.C. eluting twice 
with 4:1 ether-acetone. DetigwyZ-dihydro-aaadirachtin was isolated as 
a colourless glassy solid (14 mg.) m.p. 164-1680 ~ Ether-acetone (4:1) 
0.10. ethyl acetate 0.16 v (CHC13) 3440 (broad). 1740 (strong). max. 
1720 cm-l (shoulder). Found: C. 55.7; H. 6.3%. C3QH40015 requires 
C. 56.3; H. 6.3%. The n.m.r. spectrum is shown in fig. ll. The mass 
spectrum showed significant peaks ahove mle 400 at 622 (2). 604 (2.5). 
590 (4.5), 579 (9). 562 (14). 547 (7). 537 (4.5), 519 (22), 505 (9), 
477 (45). 467 (14). 451 (9). 439 (100). (Abundance relative to mle 439). 
Attempted Oxidation of Detigloll-dih{dro-azadirachtin with 
Cornforth's Reagent (Chromium Trioxide-EYridine) 
Cornforth's Reagent was prepared by adding a solution ot 
chromium trioxide (5 g.) in water ( 3 ml.) to pyridine (50 al.) cooled in 
ice. 
A crude sample of detigloyl-dihydro-azadiracbtin (77 mg.) was 
dissolved in pyridine (0.25 ml.), Cornforth's reagent (2.0 al.) vas added 
and the mixture was le:tt for 65 hours at roan temperature. Water (15 al.) 
was then added and the solution vas extracted with chlorotorm. the 
chloroform was washed with water and evaporated leaving a brown residue 
(66 mg.) which on t.l.c. in ether-acetone (4:1) shoved components at the 
origin, R, 0.13 and R, 0.22. 
The residue was subjected to P.L.C. eluting twice with ether-
acetone (85: 15) • Two bands were visible under ultraviolet light. The 
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upper band gave a colourless residue (15 mg.) and the lower band a 
colourless residue (17 mg.). 
The residue fram the lower band on t.l.c. in ether-acetone 
(4:1) showed a single spot R, 0.10 corresponding to detigloyl-dihydro-
azadirachtin, the n.m.r. spectrum of this traction was identical with 
that ot the starting material. 
The residue tram the upper band on t.l.c. in ether-acetone 
(4:1) showed a single spot at R, 0.18, however on t.l.c. in ethyl 
acetate two spots were visible a major one R, 0.34 and a minor one a, 0.26. 
This residue was subjected to P.L.C. eluting once with ethyl acetate, 
the major component. an as-unsaturated ketone was isolated as a slightly 
yellow glassy material (9.5 mg.) m.p. 145-1480 a,. ethyl acetate 0.35. 
"max. 3500 (broad), 1740 (strong), 1690 em-l (medium). ).~. 225 DIll. ~% em. 
2300. The accumulated n.m.r. spectrum is shown in tig. 12. The mass 
spectrum was unintormati ve showing ions of higher mass than the starting 
material. 
The silica between the origin and the major band was worked up 
in the usual way to give a glassy material (6 mg.) which on t.l.c. in etql 
acetate showed a streak trom the origin. a major spot R, 0.25 and a faint 
spot at a, 0.35. The n.m.r. spectrum of thislUlterial shoved broad ill-
detined peaks not characteristic of a single compound. 
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Attempted Reduction of Azadirachtin with Sodium Borohydride 
i) The ultraviolet spectrum of azadirachtin was recorded at a 
concentration of 125 mg./l. in 95% ethanol. A small amount of sodium 
borohydride was added to both the sample and reference cell and the 
spectrum was recorded. several times over a period of 30 minutes, no 
significant change in the intensity of the absorption at 211 nm. was 
observed. 
ii) Azadirachtin (11 mg.) was dissolved in dioxan-water (4:1, 4 ml.), 
sodium borohydride (4 mg.) was added and the mixture was left at room 
temperature for 20 minutes. Water was then added and the mixture was 
extracted with chloroform. the chloroform was washed with water and 
evaporated. The residue on t.l.c. in chloroform-acetone (1:3) showed o~ 
azadirachtin ~ 0.4. 
The recovered azadlrachtin was treated with sodium borohydride 
under the same condi tons. the mixture was left overnight and then worked 
up as before. The residue on t.l.c. in chloroform-acetone (1:3) showed 
a streak with no clearly defined spots fran the orisin to ~ 0.45. 
Attempted Lactone Titration of Asadirachtin 
Azadirachtin (59 mg.) was elisBolved in ethanol (20 JIll.) and 
approximately O.OlM sodium hydroxide solution (20 Ill.) was added. The 
solution was immediately titrated with O.OlM h7drochloric acid uaiDl 
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phenolphthalein as indicator. A blank titration was carried out on 
ethanol (20 ml.) and O.OlM sodium hydroxide (20 ml.). Frca the 
difference in titres it was calculated that 0.53 equivalents ot base 
had been consumed. The solution was acidified with dilute hydrochloric 
acid and extracted with chloroform. the chloroform was washed with 
water and evaporated. The residue on t.l.c. in ether-acetone (4:1) 
showed two ccaponents. a major one at llo 0.51 and a minor one at ~ 0.36. 
The residue was subjected to P.L.C. eluting twice with ether-acetone 
(95:5). the major band gave a colourless residue (16 mg.) m.p. 114-1180 
R- ether-acetone (4:1) 0.55. v 3460 (broad). 1740 (strong). 
-t' max. 
1720 (strong). 1650 (weak) and 1620 cm-l (weald. The accumulated n.m.r. 
spectrum of this residue was very similar to that ot azadirachtin except 
that the high field .etho~l absorption was very much reduced in intensity 
and there was an increase in the intensity ot absorption at T6.7. 
The mass spectrum showed the tollowing ions above -Ie 600. 
716 (2.5). 702 (10). 688 (15). 684 (12). 670 (12). 656 (15). 643 (30). 
635 (100) and 627 (16) (Abundance relative to m/e 635). 
Alkaline Hydrolysis ot Azadirachtin 
i) . Azadirachtin (100 mg.) was dissolved in methanol (6 al.) and 5' 
aqueous potassium hydroxide solution was added. the solution i.aediatel¥ 
became yellow. Atter two hours the solution was aciditied ad extracted 
with ethyl acetate. The ethyl acetate extract vas vuhed with vater and 
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evaporated leaving a yellow residue (57 mg.) which was insoluble in 
chloroform, on t.l.c. in ether-acetone (4:1) it showed an elongated 
spot at the origin with some streaking upwards. The residue was 
dissolved in methanol and treated with ethereal diazomethane. Evaporation 
of the solvent gave a yellow residue which on t.l.c. in ether-acetone 
(4:1) showed major canponents at ~ 0.23 and ~ 0.32 with minor 
components at IT 0.40, ~ 0.46 and ll- 0.54. The n.m.r. spectrum ot this 
residue shoved broad ill-defined absorptions in the t6.1-t6.4 and 
t7.7-t8.4 regions with an intense absorption at t8.7. 
The residue was subjected to P.L.C. eluting twice with ether-
acetone (9:1), five components were isolated. The accumulated n.m.r. 
spectra of these canponents were ill-detined and no conclusions could 
be made trom them. 
ii) Azadirachtin (200 mg.) was dissolved in methanol (10 al.) and 
2~% aqueous potassium hydroxide solution (10 al.) vas added. Atter one 
hour the solution was made slightly acid vi th dilute hydrochloric acid, 
extracted with ethyl acetate in the normal w~ and then continuously 
extracted with ethyl acetate for tvo hours. 
The ethyl acetate was evaporated leaving a yellow residue 
(160 mg.). Chloroform ( /IV 1 al.) was added to the residue, BIOst ot vhich 
appeared to remain undissolved. The mixture vas cooled to oOe and treated 
with ethereal diazanethane, atter 20 minutes the solvent wa evaporated 
leaving a yellow glassy residue vhich on t.l.c. in ether-acetone (~Il) 
shoved a major component at ~ 0.32 and two minor cClllpODents at J? 0.31 
and IT 0.45. The n.m.r. spectrum ot the residue vas very similar to that 
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of the crude product obtained in the previous experiment except that 
the t8.1 absorption was much less intense. 
The residue was subjected to P.L.C. eluting twice with ether-
acetone (95: 5 ), the maj or component, deacety l.-aaadiraohtin was isolated 
as a colourless glass (25 mg.) m.p. 159-1640 ~ ether-acetone (4:1) 0.32. 
Found: C, 51.9; H, 6.1% C33H42015 requires C, 58.4; H, 6.2%. 
v (CHC13) 3440 (broad), 1140 (strong), 1655 (weak), 1630 cm-
1 (weak). 
max. 
The n.m.r. spectrum is shown in fig. 13. The mass spectrum shoved the 
following ions above m/e 500 at 660 (8). 646 (1), 642 (1), 633 (18), 
628 (14). 612 (12), 600 (13), 585 (19), 551 (12), 528 (21), 519 (100). 
(Abundance relative to m Ie 519). 
The band corresponding to the IT 0.31 cCllllpOnent gave a colour-
less residue (14 mg.), which on t.l.c. in ether-acetone (4:1) shoved the 
main component at ~ 0.31. with sane material a, 0.32. The n.m.r. spectrum 
showed complex absorptions at t6.2 and between T1.8-8.3 and a strong 
absorption at t8.1. 
Alkaline Hydrolysis of Dil!ydro-azadirachtin 
Dibydro-azadirachtin (300 mg.) was dissolved in methanol (15 Ill.) 
and 2~% potassium bydroxide solution (15 ml.) was added. Arter one hour 
the solution was acidified with dilute by'drochloric acid and extracted 
with etbyl acetate continuously for one hour. The etql acetate vas 
washed with water and evaporated leaving a yellow residue, which appeared 
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to be insoluble in chloroform. Chloroform and ethereal diazomethane 
was added to the residue, after ten minutes at OOC the Bolvent was 
evaporated leaving a yellow glassy residue (257 mg.), which on t.l.c. 
in ether-acetone (4:l) showed two major components ~ 0.20 and 
IT 0.30. 
The residue was subjected to P.L.C. eluting twice with ether-
acetone (9:l). The less polar canponent was isolated as a colourless 
solid (60 mg.) soluble in chloroform, RF 0.30 in ether-acetone (4:1). 
The n.m.r. spectrum is shown in fig. 15. The mass spectrum showed ions 
above 600 at 704 (25), 690 (22), 679 (93), 672 (15), 649 (9Q). 635 (36), 
629 (100). 619 (40). 605 (70) (Abundance relative to mle 629). 
v
max
• (CHC13) 3460 (broad), 1730 (strong) 1650 cm-
l (weak). 
This product appeared to change in character. atter evaporation 
of the solvents it became insoluble in chlorotorm. 
The other canponent deacety ~-di,h1Jdleo-aaadiNDhti.n was isolated 
as a colourless glassy solid (48 mg.) IT 0.20 in ether-acetone (4:1) 
m.p. 131-1420 v 3460 (broad), 1140 (strong) and 1655 cm-l (weak). 
max. 
The n.m.r. spectrum is shown in tig. 14. The mass spectl'Ull showed. ions 
above mle 500 at 662 (5). 648 (5), 644 (7). 630 (23). 621 (7). 616 (7). 
602 (38), 598 (13), 581 (30). 559 (63), 545 (50). 531 (25). 517 (100) 
(Abundance relative to mle 517). 
Treatment ot Azadirachtin with Acid 
i) Azadirachtin (68 mg.) was dissolved in 21. methanolic 
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hydrochloric acid (10 ml. prepared from conc. hydrochloric acid and 
methanol) after two hours at room temperature water was added and the 
aqueous solution was extracted with chloroform, the chloroform was 
washed with water, dried (MgS04), filtered and evaporated leaving a 
colourless residue (50 mg.) which on t.l.c. in ether-acetone (4:1) 
showed the major component at ll- 0.36 along with three minor components. 
The n.m.r. spectrum showed that the two doublets"present in the spectrum 
of azadirachtin at T3.65 and T3.95 were no longer apparent, there was 
also considerable change in the T6.2-6.3 region with the appearance of 
an intense peak at T6.6. The region from TB.o-B.4 was also changed. 
The residue was subjected to P.L.C. eluting once with ether-
acetone (9:1), the major component was isolated as a colourles8 residue 
(16 mg.) which on t.l.c. in ether-acetone (4:1) appeared to consist of 
two or three components very close together at a, 0.35. The n.m.r. 
spectrum was similar to that of the crude mixture which had been 
chromatographed. The infrared spectrum did not show the absorption at 
1625 cm-l present in the spectrum of azadirachtin. The relative intensity 
. 460 -1 . of the hydroxyl absorpt10n at 3 em to the carboD1'l absorpt10n vas 
the same as that in the spectrum of azadirachtin, indicating that no 
hydrolysis of the ester groups had taken place. 
Treatment of azadirachtin with O.lB methanolic hydrochloric 
acid at _50 for three ~s gave a similar reaction product. 
- 109 -
Treatment of Azadirachtin with Aqueous Acid 
Azadirachtin (50 mg.) was dissolved in 0.51 aqueous 
ethanolic hydrochloric acid (30 ml. equal volumes ethanol and IN 
aqueous hydrochloric acid). After 15 minutes the solution was 
extracted with chloroform, the chlorof'orm was washed with water and 
evaporated. The n.m.r. spectrum of' the residue was identical to that 
of' azadirachtin. 
Treatment of' Dihydro-yadirachtin with Acid 
Dihydro-azadirachtin ( IV 1 mg.) was dissolved in 21. methanolic 
hydrochloric acid (0.5 ml. prepared £'rem cone. hydrochloric acid and 
methanol). After one hour the solvent was evaporated leaving a residue 
which on t.l.c. in ether-acetone (4:1) showed components ~ 0.02, 
~ 0.11, ~ 0.26 (dihydro-azadirachtin) and Br 0.40. 
Action of' Dry ijydrogen Chloride on Azadirachtin 
Azadirachtin (39 mg.) was dissolved ill chlorotora (0.5 JIll.) 
and a solution of' chlorotorm saturated with hydrogen chloride (0.5 Ill.) 
was added. Atter two minutes the solution on t.l.c. in ether-acetone 
(9:1) showed components at Ilo 0.3 and R,. 0.25 ot equal intenait;y with 
minor components at Ilo 0.1, R,. 0.44 and ~ 0.59. After tive aDd 25 llinutes 
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no further change was observed. 
The solvent was evaporated and the colourless residue was 
subjected to t.l.c. in ether-acetone (9:1) this showed the maJor spot 
at ~ 0.25 which appeared to be two components, an elongated spot at 
the origin and a taint spot ~ 0.55. The residue was subjected to 
P.L.C. eluting with ether-acetone (9:1) only one maJor band was 
observed under ultraviolet light, extraction gave a colourless solid 
m.p. 125-1280 v (CCl •. ) 3450 (broad), 1140 (strong), 1120 (shoulder) 
max. At 
and 1110 em -1 (shoulder). The acc\IDulated n.m.r. spectrum was very 
similar to that ot azadirachtin except that the doublets at T3.65 and 
T4.95 were no longer present. 
Bramination of Azadirachtin 
i) A solution ot branine in chloroform vas added to azadirachtin 
(1 mg.) dissolved in chloroform. Af'ter a fev minutes the solution vas 
evaporated leaving a residue which on t.l.c. in ether-acetODe (49:1) 
showed the major canponent ll- 0.01 with minor components at R, O. ll- 0.14 
(azadirachtin) and ~ 0.22. 
ii) A small amount of calcium carbonate vas suspended in a solution 
of azadirachtin (38 mg.) in chloroform. A solution of bromine in 
chloroform was added drop by drop until the bromine colour persisted, the 
solution was then filtered and evaporated. The residue 011 t .l.e. in 
ether-acetone (4:1) showed the major cClllpOnent at a, 0.64 vith SCDe 
azadirachtin at ll- 0.52. The residue vas subjected to P.L.C. eluting 
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with ether-acetone (95:5) the major component was isolated as a 
colourless glassy residue (19 mg.) m.p. 139-1420. 
v 
max. 
3460 (broad), 1745 (strong), 1715 (strong), 1655 em-1 (weak) 
A 219 nm. £ 7000 (assuming mol. wt. 880). The n.m.r. 
max. max. 
spectrum is shown in fig. 16. 
Lithium Aluminium Hydride Reduction of Azadirachtin 
Azadirachtin (40 mg.) was dissolved in tetrahJdroturan (0.5 JDl.) 
(dried by refluxing over lithium aluminium ~dride and then distilling) 
and a solution of lithium aluminium hydride (10 mg.) in tetrahydroturan 
(1.5 ml.) was added. The mixture was shaken for tvo hours at rOClll 
temperature and then a solution of water in tetralqdrofuraD vas added, 
there vas immediate effervescence. The mixture vas centrifuged aDd the 
cloudy solution was pippetted off, the precipitate vas extracted vith more 
tetrahydrofuran and the combined extracts vere evaporated to d17ness 
leaving a colourless residue which vas insoluble in chlorofor.., carbon 
tetrachloride, acetone and benzene, but waa parti~ soluble in 95% 
ethanol. Ethanol vas added to the residue the ethanol solution vas tiltered 
and evaporated leaving a colourless residue (8 mg.) which on t.l.c. in 
95% ethanol shoved three spots with considerable atreakiDg betveen th_ 
at ~ 0.20, R, 0.46 and Rr 0.63. The infrared ~rum shoved a broad 
intense absorption at 3400 em-l due to ~dro~l and alao a veak absorption 
at 1720 em-1 indicating the presence ot carboD7l. 
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Acetylation of Azadirachtin 
i) Acetic Anhydride 
a) Azadirachtin (6 mg.) was warmed with acetic anhydride (0.5 ml.) 
on a steam bath for 30 minutes. Water was then added and the aqueous 
solution was extracted twice with benzene. The benzene was washed with 
water, dried (MgS04 ), filtered and evaporated leaving a light brown 
residue which on t.l.c. in ether acetone (49:1) showed a weak component 
ll- 0.20, an intense canponent l). 0.14 corresponding to azadirachtin and 
a weak component RF 0.05. 
b) Azadirachtin (100 mg.) was heated under reflux with acetic 
anhy'dride (10 ml.) for ten minutes, then the acetic a.nh7dride was 
evaporated leaving a light brown residue which on t.l.c. in ether-acetone 
(4:1) showed a spot l). 0.50 corresponding to azadiracht,in and a spot 
~ 0.40. The residue was Bubjected to P.L.C. eluting twice with ether-
acetone (9:1). The upper band gave azadirachtin (24 mg.) and the lover 
band gave acetyl,-aaadiraohtin (35 mg.) m.p. 154-1560 a, 0.40 in 
ether-acetone (4:1). 
Found: C, 58.2; H, 6.45, C3TH4~17 requires C, 58.2; H, 6.04%. 
v (CC14 ) 3450 (broad), 1750 (strong), 1715 (strong), 1655 (weak) and max. 
1625 cm-l (weak). The n.m.r. spectrum at 60 MHz. and 100 MHz. is shown 
in figs. 17 and 18. The mass spectrum showed iona above m Ie 500 at 
744 (1.3), 702 (12), 685 (56), 670 (11), 661 (25), 643 (44), 625 (44). 
602 (100), 559 (66). (Abundance relative to mle 602). 
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ii} Pyridine-Acetic Anhydride 
Azadirachtin (8 mg.) was dissolved in pyridine (0.2 ml.) and 
acetic anhydride (0.2 ml.). After two days at room temperature. the 
pyridine and acetic anhydride were evaporated (0.1 mmHg.) leaving a 
light brown residue which was identified as azadirachtin by t.l.c. 
iii) Pyridine-Toluene-Acetic AnhYdride 
To a solution of azadirachtin (2 mg.) in toluene (1.5 ml.) vas 
added pyridine (20 drops) and acetic anhydride (20 drops) and the mixture 
was refluxed. After 30 minutes a small volume of the solution was removed 
and evaporated (0.1 mmHg.) leaving a residue which on t.l.c. in ether-
acetone (49:1) showed two main components IT 0.08 and IT 0.16 (Azadirachtin) 
with very minor components ~ 0.38. IT 0.48 and IT 0.9. 
After four hours the remainder of the material vas worked up 
similarly. the residue on t .l.c. showed the main spot R, 0.06 with minor 
spots ~ 0.16 (Azadirachtin). ~ 0.45 and ~ 0.9. 
iv) Acetic Anhydride-Boron TriflUoride Etherate 
a) A mixture of acetic anhydride (8 ml.) and boron tritluoride 
etherate (2 drops) was prepared. A portion ot this mixture (1.5 ml.) 
was added to azadirachtin (5 mg.). atter a tev minutes the solution became 
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noticeably yellow. Ai'ter two hours the solution was evaporated 
(0.1 mmHg.) leaving a brown residue, which on t.l.c. in ether-
acetone (49:1) remained at the origin. 
b) Similarly a mixture of acetic anhydride (25 1111.) and boron 
trifluoride etherate (1 drop) was allowed to stand in contact with 
azadirachtin for 100 minutes the residue on t.l.c. shoved a mixture of 
five components, treatment for a longer time did not produce any 
further change. 
- l15 -
REFERENCES 
l. S. Siddiqui and C. Mitra, J. Sci. Ind. Res., India., 1945, ~, 5. 
2. J.F. Caius and K.S. Mhoskar, Indian J. Med. Res., 1923, 11, 364. 
3. R.N. Chopra, Indigenous Drugs of India., 1958, 360. 
4. M. Volkonsky, Arch. Inst. Pasteur Algerie., 1937, 427. 
5. R. Chauvin, Compt. rend., 1946, ~, 4l2. 
6. B. Krishnamurti and D.S. Rao, Bull. !gr. Coll. Res. Inst. Mysore., 
1950, No. 14, 93. 
7. N.P. Sinha and K.C. Gulati, Bull. Reg. Res. Lab. Jammu, India., 
1963, 1:" 176. 
8. S.R. Shpan-Gabrielith, Final Report. Anti-Locust Research Centre, 
London 1965. 
9. S.R. Shpan-Gabrie1ith "Proceedings XII Congress on Entano10gy" 
London 1965 Section 9a Agricultural Entomology p. 549. 
10. K.K. Chatterjee, Indian Med. Gazette, 1919, i!, 171. 
11. Amaresh Chandra Roy and Sikhibushan Dutt. J. Soc. Cbs. Ind., 
1929, 333. 
12. E.R. Watson, N.G. Chatterjee and K.C. Mukerjee, J. Soc. Chs. Ind., 
1923, !g" 387. 
13. M. Qudrati-Khuda, S.K. Ghosh and A. Mukherjee, J. Indian Chell. Soc., 
1940, 17, 189. 
14. Narsinha Murti and Rangeswami Seshadri, Indian J. Pharm., 1940, ,g, 206. 
15. S. Siddiqui, Curr. Sci., 1942,1!, 278. 
16. C.R. Har8¥anan, R.V. Pachapurkar, S.K. Pradhan, V.R. Shah and 
B.S. Barasimhan, Cbs. and Ind., 1964, 322. 
- 116 -
17. M. Harris. R. Henderson. R. McCrind1e. K.H. OVerton and 
D. W. Turner, Tetrahedron. 1968. 24, 1517. 
18. C.R. Nar~anan and K.N. Iyer, J. Indian Chem. Soc., 1967, 1, 460. 
19. R. Henderson, R. McCrindle, A. Me1era and K.H. OVerton, 
Tetrahedron Letters, 1964, 3969. 
20. R. Henderson, R. McCrindle, A. Me1era and K.H. OVerton. 
Tetrahedron, 1968, ~, 1525. 
21. D.E.U. Ekong, Chem. Comm., 1967. 808. 
22. D. Lavie and Mahendra K. Jain, Cbem. Comm., 1967, 278. 
23. J.D. Connolly, K.L.Handa and R. McCrindle. Tetrahedron Letters, 
1968, 437. 
24. C.R. Nar~anan, R.V. Pachapurkar and B.M. Savant, Tetrahedron 
Letters, 1967, 3563. 
25. C.R. Narayanan. R.V. Pachapurkar, B.M. Savant and M.S. Wadia, 
Indian J. Chem., 1969, 7, 187. 
26. D. Lavie, Mahendra K. Jain and I. Kirson, Tetrahedron Letters, 
1966, 2049. 
27. D. Lavie, Mahendra K. Jain and I. Kirson, J. Chem. Soc., 
1967, 1347. 
28. D. Lavie, Mahendra K. Jain and S.R. Shpan-Gabrielith, .E!!!. 
~., 1967. 910. 
29. C.W.L. Bevan. D.E.U. Ekong. J .E. Halsall and P. Tort, .E!!!!. 
~., 1965, 636. 
30. F.C. Chang and Chao-Kuo Chiang, Chem. COIIID., 1968, ll56. 
31. F.C. Chang and Chao-Kuo Chiang, Tetrahedron Letters, 1969, 891. 
32. D.E.U. Ekong, E.O. 01agbemi and A.I. Spirf, Chell. and Ind., 1968, 
(51), 1808. 
33. R.R. Fraser, Can. J. Chem.,1960, 38, 549. 
- 117 -
34. L.M. Jackman, Applications of Nuclear Magnetic Resonance in 
Organic Chemistry, Pergamon. 1959. p.87. 
35. P.K. Korver, P.J. Van der Hask, H. Steinberg and Th. J. deBoer, 
Rec. Trav. Chim., 1965, 84, 129. 
36. E. Bullock, J.C. Roberts and J.G. Underwood, J. Chem. Soc., 1962, 
4179. 
37. K.J. Van der Merwek, L. Fourie and deB. Scott, Chem. and Ind., 
1963, 1660. 
38. c.w. Holzapel, P.S. Steyn and I.F.H. Purchase, Tetrahedron Letters, 
1966, 2799. 
39. T. Anthonsen, P.H. McCabe, R. McCrindle and R.D.H. Murr&¥, 
Tetrahedron, 1969, 2236. 
40. J .H. Butterworth and E.D. Morgan, Chem. Camm., 1968, 23. 
41. J. Diekman, J.B. Thomson and C. Djerassi, J. Org. Chem., 1967, 
32, 3904. 
42. J.F. Klebe. H. Finkbeiner and D.M. White. J. Amer. Chem. Soc •• 
1966, ~. 3390. 
43. H. Budzikievicz, C. Djerassi and D.H. Williams. Mass Spectrometry 
of Organic Compounds. Holden D&¥. 1967, p.471. 
44. R.U. Lemieux and E. Von Rudloff, Canad. J. Cheal •• 1955. 33. 1701. 
45. R.U. Lemieux and E. Von Rudloff, Canad. J. Chem •• 1955. ~, 1710. 
46. E. Von Rudloff, Canad. J. Chem., 1955, 33. 1714. 
47. E. Von Rudloff, Canad. J. Chem •• 1956. 34. 1413. 
48. F. Arndt. M. Ozanaoy and H. Ust\irq-ar, Rev. Fac. Sci. Univ. Istanbul. 
1939. ~, (1-2). 83. 
49. R.H. Cornforth, J.W. Cornforth and G. Popjik, Tetrahedron, 1962, 1351. 
- 118 -
50. J.D. Connolly, R. Henderson, R. McCrindle, K.H. OVerton 
and W.S. Bhacca, J. Chem. Soc., 1965, 6935. 
51. W. Schutt and C. Tamm, Helv. Chim. Acta., 1958, 41, 1730. 
52. W.R. Chan, J.A. Gibbs and D.R. Taylor, Chem. Coma., 1967, 
720. 
53. D.L. Dreyer. Progress in the Chemistry of Organic Natural 
Products 1968, 26, 190. 
54. P.T. Haskell and A.J. Mordue. Second International Symposium 
on Insect and Host Plants.Wageningen. 1969. In Press. 
